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FOfREWORD 



The National Assessment of Educational Prog- 
ress (*NAEP)'is an information^gathenng proj- 
ect that 5ur\'eys the educational attain^nents 
of 9-year-olds, i-3-year-olds, 17-year-plds"and 
adults (ages 26-35)-in 10 learrung areas: art, 
career and occupational development, cilVzen- 
ship, hteratune^ mathematics, ^usiC, readmg, 
saefcce. social studies and wntmg. Different 
learning arep are assessed ev^ry year, and all . 
areas are periodically reassessed .in o^rd^r to 
measure ^ucational change. * 

^ . , / • 

Each assessment is *tbe ■ product 'of several^ 
. years wortf tjy a great many educator^, schol- 
ars and lay persqils fromall over the coifatry. ^ 
Initially, these people design objectives- for 
each area,* proppsmg specific g6als that they i 
feel Am^cans should be- achieving, in the 
Qpurse of their education. After^ careful re- 
views, these objectives are then given to 
t exercise (item) writers;^ whose task it is to • 
. create- measiJOrcment tools ajDpropnate <o the 
] objectives' * - ' 



When the^ exprqises h»v^ passed extfen^ive 
reviews, by subject-master specialists 
measifiremerit experts, they are administered 
to probability vsamples from various ^e levels. 
The .peopleNvho compose these samples ^ 
chosen 'm such a way that the resul^3 of tK^ir 
^assessmfent can be ' generalized to ^ entire 
national population. Thftt is, on th^ba^ of« 
the performance of about^2,500 9-year-olds 
on a given exercise^ we can generalize about 
the probable performance of all 9-year-olds m 
^ nation, ^ ' 

National Assessment also publishes a general^ 
information yearbook^hat describes all major^ 
aspects'* of the Assessment's operation. The < 

• reader who' desires more detailed information 
about how NAEP defines its groups, prepares 

' and scores ita exercise^ designs its samples- 
and ^analyzes 'and reports it3 r^lts *ould 
consult the Qeneral Infprmatidn Yearbook;, 
Report 03/04'GIY, 

. ■ • .■ ■■• • ' 
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'iNTRODUCTtpN 



During the 1972-73 school year, the Na- 
tional .'As^menf of Educational Progress 
( Ns'VEP ) conducted a nationwide survey of the . 
mathematical abihty of young Amencans* at 
four .'age levels - 9-year-okis, IS^^ar-olds, . 
17->'ear-oUs and young adults ages 26—35.^ 
Th,^. mathematics assessment mclud^ ^ 
major cdnten^ areas: numbers and jitanera- 
tio;i,^measuretaent, geometry, vafiables and , , 
•f^tevio-hships, pEbabiBty and statistics and 
consumer mathematics. These conteht'are^ 
cove^^ed.most of the togics ordsaarily taught 
m general mathematics classes' and some, ^f 
the • con<^pts • encountered elementary 
algebra. Very feW exercises required m&£he- , 
matics courses beyond etetnentary^gebra. > 

This report {Provides an overview of results for 
the entire mathematics assessment. The intent 
of <his volume is'not.to provide an exercise^ 
by-ejjercise review qf Results, but to indicate 
• trends m abUity illustrated by results for 
selected exercises. 

Each chapter summarizes -results for one 
content area. The arrangement of the content 
areas in this report does •noj4 signtfy their 
relative importance or the order in which they 
commonly appear in a school curriculum, 
Concepts from all the content area3 are 
usually introduced at the elementary le\'0l and 
are then femforced and expanded as stXidents 
mature. Foj exainple, in geometry, 9-year- 
olds might be exported to name a rectangle 
and a triangle, while ITryear-olds and adults 
might be asked to apply JLhe Pythagorean 
theorem. * 



*The leader dcsinng infonnition nbout specific 
NttionaJ As*e«roent dtt»H:ollection procedum 
should consult the General Informatics YearbooK 
"Report n3'04^IY (Wtshmg;ton, D.C, GoTemroent 
PnatmROfficf. 1974) ' , 



The mathematics eyrriculum,^like that of 
many other learnings* areas, underwent sub- » 
stantial revisions in the decad§ of the sixties. • 

''New term5 were introduced; topics *such as 
algebra and geometry were presented in the 

\ elementary grades, and the reasoning behind 

' matheniiatical op€trations was explained to 
students. National As§&ment topk account 
of these revisions in' planning its'assessment . 

'afid meisured achievtoient in both "modem- " 
mafli'" aii4* 5*tmditional-math" topics and - 
terminology/ The exercises 'concerned with 
modem-math qoncepJLs indicate Uie 'number 
of people famiUa^^th sucji-c^ncepts, but the 
assessment data are not Intended' to ^pport 

' Comparisons of curricula' or teaching methods: 

In desigasig the measurement instrument^ for , 
the mathematics assessment. National ^sse^s- 
^ent include^ soroe variations firom typi- ^ 
'c$J paper^d-pencil mathematics test.,: A}- ' 
though the -fnajority -of the exercises; weYe ^ 
printed in beoklets and administerecJ to;^ 

• groups of 8 to 12 people, some §xe^cises were 
given on an individual basis. /'Ihdivi^u^l*' 
exercises were used to elicit responses \h'at 
would be difficult to observe in a g^^up. 
situation. In^ mathematics, these exercises 
w^re o'ften used to observeirthe process that a - 
person used to solve a problem. 

Many of the mathematics exercises were 
open-ended (fill in the blanTc) rather than 
multiple-choice. The responses to the open- 
ended, exercises werp 'tabixlated . in ^various 
scoring categories. These categories revealed 
percentages of people making partiouba: errors 
and thus provided some diagnostic informa- 
tion about common mathematical mistakes* 
Response$ that could not be placed ip any of 
the error categories were, placed in a category 

• called **othe^ Tulacceptable."" Respondents 
were instructed to wri^e the words *T d<>n't 
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know" on the answer ImexSr to fill in the oval 
beside the ''I don't knov/* choice if they felt 
they- did not kncwthe answer to a problem. 

Approximately one-half ^ of the exercises 
administered in a learning area for a given 
assessment year are released or made available 
for pubhcation. Tte j^iireleased exercises are 
kept secure so that tfiey can be reassessed m a 
future assessment to measure changes in 
ability levels. In jtbis-teport. results for both ' 
released, and 'un^^le'ased exercises are dis- 
eossed; however, actual exercise text appears 
only for reteased exercises. * * 

National Assessment reports national percent- 
ages of success for 9-year^lds, 13-year-olds, ' 



« 

17-year-olds arfd young adults/ The Assess- 
ment also' provides result^s for the foUowing 
groups within the national population: sex, 
race, region of the country, level of parental' 
education' and size and type of community. 
Results for the different population groups 
are not given for each cont^qt area but^are. 
discussed in the summary oi ,data from ^ 
cqntent areas (CHipter 7).- 

This report presents a general picture of, 
performance for the different -age levels and 
populations groui^ for thfe entur^ niathematics 
assessment. Headers should consult the math- 
enmtics selective reports and- the mathematics 
technical volumes for additional mformation. 



/ 
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CHAPTER 1 • ^ 

4 ' 

TgUMBERS AND NUMERATION 



Numbers , provide a means for quantifymg 
objects m a ^miform fashion. Nuxnerdtion is 

,the system ijsed for naming and organizing 
numbers. vFbr examfde, alfeough different 
words and symbols can .be jased tc^Jdentify 
the concept -n'hree;' . the fflea of threeness. 
jtoains ♦the same. Diffefent systems of num- 

' bers haV6ig^ specific -propertiesthave ala% beep 
defmed: The properties of a n,umber> ^stem 
help to^exjflain the r€fasons for thc^'rules"' of 
mathetoatical operitionj ,iri) that 'particulat 
system/ ' * . 



, theory. The 
iti^tion and 
ietoanfl the 
Wed in-, the 



^The first sectiprf of th^' 9hkptQ3r concerns 
fiuiperal sy^t^k^e second, nWber systenas 
and their properties; the thirds s) 
foCffth section clescrib^ .cctoj 

' pn>blew;«olylftg ^cills,^ which- 
appficatioii pf the concepts ^ 
fir^ three sections, ftesufts for rdrt«e^ntative 
exetcises tne^uring abilities, with^ n^umbfes? 

;>nd-numeratioa^e fjiscussed in- ti^^s chapter, 
arid results fqr all «xer,ds^s in'tne numbers 
and mimeratioji cotitfent area ffl^^^mmarjzed 
^t tjie conchision of the' it^aptef - ^. ^ - ' 



'NemeFal Systerms^ 



\ 



*5*ffareot.p5etlK>ds of *'nanjing" mimbeK^have 
• b^ usea.in different cultures over the y^. 

numea^d^ system is a' posttipnal system 
f B^^'^n multiples of 10. Thi54peans.that 
^^^iV^sition of each liumeral affect^ its\Biue. 
if or example, the numeral-'^l equals I .when 
Idc^teci in tjie Is-coluipn; the^'same numettf 
^iiak 10 when placeft in the40^-^lpmn. 
After stud^qts learn tfaf numeSrais frbmi to 
they can' generate the. symbols ror-\ifirger 
numeral uSng the^concepts of jjlace \^^e.' 



Several/exercises asse&ed 9-year-olds' ability 
to deal^with plap value, Seven^-fivfi percent* 
of the nation's 9-year-olds corrArtly selected 6 
when asked, "Which digil is, in the 10s place, 
in 4^63?^ Similarly, 74?t of the 9-year-olds 
identified 700^^ 60+ 2 as the- proper expan- 
sion of 762. A larger percentage, 87% at age 
9 wrote a 'three-digit number in Arabic ' 
numerals after hearing it expressed verbally. 

.Respondents at the -thr^e upper age levels 
Iwere requested to use ijumerals with- a base 
.oth^r* -thati .10. Forty\two percent of the^ 
13-y.ear-olds?'509^ of the 17-y?al:-plds and;* 
38% of the adulfs chose the correct meanirtg 
- of 25vin a b^i9 system. -CHddging a base-lO 
. number to a base-5 number., proved ongre 
diffipult, with X8% of the 13-year-^Ids, \A% 
of jth? 17^e&-olds*'and 6%. of the ^ults ^ 
giving the correct ahsw/sr: In thiS,^tance, 
percentage! of ^cess wei^ Inghest 
arid dropped 5xf36e8siYdy at the two^uppef a^e ^ 
levels. . . ' ' *^ , 

•f ' ^ , A. • ^ ^ 

l^e" exercises irf this^'sectiofR^indicate-tti'at 
approximately 75% 'of* the 9.year-6jds w^ 
fljale to use concepts of place value:. Familiar- 
b^. other ihaQ 10 was not^wide- 
^read, partjciiarly atithe l0\/el. figure 1 
provides a quicfccomter^n of results on^e 
exejTftises discussed ia tnis se^ \ 



.0. 



Number Systems and Thefir Properties 

After students learn/ ^e principles of 
"decimal-plac^-value ^um^crai system,-thpy be-* 
to study the )5topejptie& of iMjimber ^sys- 



FiGliflE 1.-i^e$uIU for Selected Exereijes: Numeral Syityn* 
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1, 

- terns. The systeto of whole or' countjng- 

* numbers is; the>first -^sfem encdimtftred, 
Spme properties o?; this s^nrtejm' include the\ 
metho4 of ordering nuinbers -and the"^ ekia- . 

* tefii^ of .odd, even and ppn^e ni^nbd^. Other^ 
'.-properties concern operations, with whole* 

nujgibers — for exampfe, the closure, ^ocia- 
tive, commutative and ciistribufive properties . 
for addition and multiplication. ; 

« 

Over 80% of the D-year-olc^s and over 95% of . 
the 13-yeai'5)lds^ successfully answered ^ee 
questions about number ordei;. Eighth-two 

, percent of the Q-ye^r-oldS aDd:96% of the 
13-yBar-olds knew |Hat 3,000,000 was greater- 
tK^ 800,000;'86?6.it 'age 9 aftd 97% at age- 13 
knew that 3,200 was greater than^S.OOO and 
86% 'Of tfje 9-year-olds angl 98% 'of the 
13-year-olds arranged fou/ two-digit numbers 

• in the prDi>er order. ' . 



SeyerarBxercises dealt with identification of- 
odd, even^and prifne numbers. Seventy-eight 
'P^cent of the 9-year-clds were able to write 
at lelast one ^v$n number, 72^could give 
at least on^' odd number, Ideritificata^)n of 
prime numtte (numbers evenly divisible only 
by themselvfes an^ one) ^as easier for 13- and \ 
-year-olds than* for d-year-olds and adults, 
riven' a choi ce ol four numbers^ 8% at^ge 9, 



/58% at age 



13,; 69%, at age"l7.snd 20% at 



adult coiredtly indicated the priine number/ ^ 



Other assess 
of operatio: 
» and 13*year 
iive and ' m^ 
* ^Ninety-four 
of •the 
*zero and 



lent items^ncemed properties 
with whole niimbers. Most 9-, 
Hs were 'famihai: with the^addi- 
"iiplicative properties of zero, 
irceht of the 9-year-olds an^ ^ 
'3-yearolds successfully add^ " 
n nunjber; 88% at age 9 and • 



t"94% at age I'Sicorrectly subtracted zero from 
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FIGURE 2. Results for Sdefcted Exeram. Properties of Whole Numbers 
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a given number, and 81 at age 9^ and 95% at 
age 13 were able to multfply a nuJnber by' 
zero. 

* ~ •» 

At age 9, 13?c indicated thatthey^-ufiHerstood,, [ 
that mukiplicatioa is ^ iojrm of addition^ ** 
answering conrectly tf^t- 3 x 5* . equals 
3.t 3 + ^7*" 3:*- 3/6ver 80% at the upper three* 
.age levels (82% Wage 13/89% at age 17 an(f 
8.6% -at .adxilt) and 42% at age 9' knew how to 
use addition to c)vejck a subtJraction problem^ 
showing some knowledge' of th^ reMionship . ' 
between'aclditipn and, subtraction , 

Figure "2- sbows results ^for the exercises ' 
discussed abo^^e. Percentages of success were . ' 
high for the orcler properties aiid identity 
^»roperties of whole numbers and lower for ^ 
identification of odd, even and prilme niim- 



..Rational Numbers ' * ' ^ 

^ Another number system introduced in the 
€lemeptar>' ^des is th^* system of rational 

. -numbers * Ration^ numbers' dre nlimber^ of 
the form a,^i> where b ^ 0. These ntrtnbefe' can \ 
he""expr^ed as * fr^ctions^ ternjinatling. / 
^repeating deciipals or percents. At the 9'^yeaa?= ' 
did leycP, students team *that- fractions^are" 
parti'^f a whole; they be'gin to appreciate ' 

• rel&tive sizes*of fraotions', and they also learn 

^•how to- represent fractions in numerical 
,syratf61s. At -th^ u^^ age levels, .additional* 
methods of* representing rational numbers— , 

^ decimals and percents — are introducjed, and , 
properties aftd operatibtis f or. rational num- . 

' ^rs are discusse<?. ' , - * 

Nine-year-olds answered several questions of 
the type shown in Exhibit 1. ' • 

Thirty oh^ percent of 'the 9-yeaap-olds cotrect- 
' ly identified 1/4 of a rectangle^ 2/6 of a circfe 
and, 2/5 o/ a cirde/ Slightly more (37*) 
named 4/8. of a rectangle. However, only 18% 
eo?crectly labeled 1/^ of a rectangle. Twenty-^ 
five percent of the 9-year-olds answered all of 
' the first foirr examples acceptably;" 60% did 
not answer any of the four itenp'corre<?tly. ' 



EXHIBIT K9 Yeir-Old Exercises About 
Representttion of Frictions . 

: • . * . , ' . 

What fracuonal part of the figure below is shaded? 




ANSWER . 



Sixty-five percent of tfie 'l3-year-o)di an.d 
81% of the l'J-year-old5 successfolly^selected 
the proper reduction .of 47/5 (9 2/5), "the 

' 9-year-61d percentage of success on this exer- 
cise was low (^bpijt 7%). / • 
-/ / - 

/ Respond6)Lts were also- asked to apply, the 
order pifoperty- ta* fractional nulpbers. Nine- 
teen percent of the 13-yearH3lds^39% of the 
1.7-year-olds and -3&% oT the adults knew that 
^/16'was cbser to 5/32 than to 1/4, 5/16 ox- 

. 3/8rflfty-6ix percent of the 13-year-olds and • 
83^ ol the 17-year-oIds wereJsuccessful when 

V requested jto identify the^^ctipn between 

' .two giyen fraptions'/ ' * 




^Bepresentation^.of rat}9nal nui^ers by deci- 
^ mjds. andr iisr^ts^was assessed i^^^e three 
' ^ older age* levT&ls. The decimal .3333. . . was 
• successfully trgmfilated as. 1/3^ by 12% at age 
* 13, 41% at age 17"and '52% at^dult. About' 
two-fifths of the 13-year-olds^d*two-thirds 
^f the 17-year-okis correctly gave the percent 
equivalent tcX 1?5 (20%)/^ 

In addition, respondents determined the prop- 
^ • er order for Several sets of decimals. CJose to 
^ 85%.of th^T IS-year-oWs and over 90% of the 
n-year-olds and adults correctly "selected 5.0 
' as ppter than 0;5,"0.65 aiid 0.005. Bercent- 
ages'^pf success were tower-- 51% at^e 13, 
75%^ at^ age 17 and 74% at ,adult-for 
^choosing 0.022 as being small^ than 2,002, 
0^22 or 0^62. Figure 3 shows results for the 
selected exercises mvohdng rational numbers, ^ 
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FIGURE 4. Results for Selected Exereises: Set Theory 
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, Set Theory - 

Set theory provides ^ langu^e' for organizing 
and expresalig mathematical concepts. Kiiow- 
ledge of the tefiliinology and properties of 
sets is useful in understanding the properties 
of aiim^r systems, and forms a foundatio6 
(or learning more advanced mathematics, fpi* 
example, topolpgy, advanced algebra* or calcu 
lu^, .Exercises ^out sets included in" .th^ 
mathematics assesusment were focused upon 
set -teniimology and simple mtoipuktions of 
sets. ♦ \ . . • 

Nearly half of the 9^ear-olds correctly an- 
swered that there were four elements in the 
foilowing<-set/{6, 3, 2, 7]. Forty -three per> 
cent at age 13 and 55%. at age 1^, but only 5% . 
at ages 9 and ad ull,. successfully listed the 
;union of two setsl-ifh^ intersection of two' 
sets of numbers was correctly given by 59% of 
the ,13-year-olds and llX of the 17-year-old$/ 
Appro3dmately one out of five 9 year-oWs 
properly stated tb^ intersectipn of two set$ of 
school childriem. Jigufe 4 presents results for ' 
tfie four ^e fev^ for th^ exercise? cifeout ' 
sets. » ♦ . ' 



Operations With Real IViymbers — 
Arithmetic Computation ' 

Students may use the properties of number* 
sy^ms ahd th§, principles of set theory m 
learning to add^ subtract, multiply and di- 
. vide — first wi^h whole numbers, later ^ith 
rational numbers ancl integers. While deVelop- 
^ ing comj)utational skills, stjxdents also learn . 
problemT^ohdng. techniqiies so thit^they can 
, apply mathematics ih various situat^>fi83j^ 

. "Sesults for th^ jcompti[tatiocK gxerci^ infthe 
lnathematii:s assessment4are summarized Ibrief- 
ly in this,, overview, readers de^uing mo^e 
dets^ed data on results < for mathen^aiics 
• computation should consult the re^port Math 
^ . Fundamentals. Selected^ Results From the * 
^ F^irst^ Natidnal AssessmeM ^ol Mathematics^ ' 
Report 04-MA'Ol. ■ * ' . - 



' Hespondtots at all age levels solved four 
problems using each .of the four copiput^- 
fipnal operations with, whole numbers. The 
, ^ proble*ms and results fbr each- age Ifeyel appear 
/ . in Table 1^ l*hexeiult^ shoy? that 9-year-olds 
* * ha4 diffidUfty Avijh" multipU'cation and yfvi- 



• r 



^ I ^x>i- 1 ^ ^ . . ^g^ere(3 cbrrectly. The adaitional 48% of 

^ f . Agc«? 13 Age 17 ; Adult I ' the IS-ye^-olds and 24% of the IT-year-olds ^ 

' , \^ \ - ' ' . multipUed Qorreetiy.but gave th^-^rrong dgQ 

y ^ \dd " ^ , ' • for their answer. ^ ^ ^ : 

■ \ ^ j| ^ ' . ' • ' In (i)mputing with unit fractious (fractions 

• ^ . • T vrith, 1 as the numerator); '42% of -the 13- • ^ 

^ * . ' • • ^V^. year^ldi jand 66% ofthef^lT-yeat-olds ad4,^ 

^ * ' • * tw^frs^ction^iaccurately. R^si^^^ 

Subtracc ^ ^ * . ' ^ multiplying two-unit fractirons/with 62^^ 

- at 3ge 13 a€^4% at age 17 ansjvfering 
\ ' correctly. In working with de.oimals, 60% iat / 
— * age 13, 78% at age*17 an4 74%> a^ adult ^ 
sub^cted 23^ from'62.1 correctly. Percent- • 
- ^ ages of success for multiplyang two cjeciipals , 

"^^''^^K \' . , . were' 48%.'for IS-'year-Qlds' and 73%' ^or^ 

17-year-olds. An additional 26% at age 13 and 
16?o^at age 17 multiplifed^ co^ectly bul mis- 
*gj < plac«J the d^imal point. 

plde: ^ • ' 'V ' . ■ . K^esponderits also use^C;U^^ 

. • ' , • ' solve word problemsTytypidJ 9-year-old 

^ . \ $1125 ' ; . ^ : ' ' ' problem is/ presented in>Table 2. Forty *six 

' • ' ' ^- 93 . percent of .the 9ryeat^lds determined 

ne.ce^6ary, operation and multiplied 3x7^ 




8^ 



25 83 ^ft. '85 



\5 89 93 



All tour pp^blems - . • ' , correcJWy . 



68 * 78 



U • ' \ * • * I - 1 T' 

."ly : ^ — ^ — ^ * ; TABLE 2. Exercise apd.Rcsults: : • 

^ ^ t - * ' * « . u*' 4.u« ' 9- Year-Old Word Problem . ^. ' , • 

,sion, which are not §enerally^taught,until the . - ... * 

third and fourth grades, but that they were , astronaut is to orbit the earth m if^pace capsule 

Utnore successful/ with addltipn and subtrae- ^^^^^ ^^y^ If he drinks three pints of water €ach ^ 

• tion. Nearly 80% of' the S^yW-olds solvecl the ^ day ,iiow many pints cS drinking water will be needed 

at&ilion' problem (which fequired renaming " forth<rTrip? . / * ^ 

^ or carrying), anti more th^ half successfully ^ ^ ^ /• " Age 9 * * 

completed the siibtriiction problem with re* • • ^ 

namihg (borrowing). Nearly 90% of the 13* i Respondents answenng 21 or 21 pints* 46%* 

^•^Ids and over 90% of ^the l7-year-<51ds 

id adults correctly answered the addition. ^Aiterisk indicates correct answer. - ^ 

^^btractlon and , division problems; percent- 

afe& of success' were slightly lower on tKe . * ' ' . 

mVtiplic^tipnprobWgiVpn. \ ^ . -^^^^ • ^^^^^^ ^ ^p.^^ ..^^^^^^^ ^^^^ ,he 

17-year^lds and adults completed three older age levels Id thkpr^^^^^^ 

'4 uSig: integers, fraction^, d^ci* . dents had to divfde the speed iy the d^tance 
r^S^ TVolirds-of the 13-year- . . travded to. find the answer. Approx^b^^^^^ 

'er\ ee-fourth^ of the 17-year: one-third of the If-year-olds two^thud 

^rdlsuc^e^U^^^^^ negative integers. , of the >7.year2ids • and adults solved this , 

MultiBbeati&of tWo negative int^gera proved -problem correct^. 




\ - • mals an^^ perc 




\ 



*^ TABLE 3 txwc^e Aid Results/ 
* 13-. 17-Ycir43Id atjd Adult Worfl Problem 

.If John drives at' an average speed of SO miles an 
/liour. how man> fcours will a take him to drive 275 
V miles? 



' hrs 30 min . 5 = : 
. hrs , 5 5. etc • 

- 

' Wrote ^dow^pr<?)>Iem nghi 
nVor* incorrect answer 



Age 13 Age 17' Adult 



15 



^4- 



13 



• Answ'enng5 and 25. , 
5 hrs^antj 2^. " * Ij^. 1 1 4 >t 

* Asterisk iriUrcat^s correa answer. 
^Percentages do not total lOO"^" asjill^esponse 
categories are not shown^ 

1» 1, , » ■ ; 

• Suminary 

Numbers and num^rition include many of the 
concepts necessary for upder^tand\ng •'basic" 
•ihathematies." back of abflity' with these con- 
cepts ^ creaCes a ^ serious handicap ' in using 
mathematics in ^everyday life. 

percentages of success spanned a wide range 
<ni t\fQse exercises — from close to 100% on 
exercises such as 3 + 0 and 3 - 0 to under 5% 



on exercises about ordering factions and 
. using bases other than 10. People\appear to 
,have a good grasp of simple addition and 
subtraction ^kills. especially, at the IT-year-ol^ 
and adult levels. Percent^es of correct re- 
sponses were lower on exercises requiring 
Other skilfs'. such as solving word problems or 
. computing with petcetit6. 

Tables 4 and 5 display summary statistics for 
all exercises included in the number^, and 
^ ^ nyiperation content area. Summary statistics 
cannot give a complete picture of ability in a 
content . area because^' by \heir nature they 
suiTunanze d^ta, removing pahicular cases and 
specific exceptions in order to describe the 
-•whole in a geheral' fashion. However, the 
statistics presented do provide a rough gauge 
of relative abibties f6r*the various age levels. 

Table 4 shows the median percentages for all " 
exercises assessed for a particular content area 
at an age level. The median percentage is ^he 
number above and b^elow which half the 
Pfrcentages lie when percentages of success • 
for all the exercises are arranged in rank 
order. In Table ^, median percentages are first 
shown' for 2^1 exercises included in the num- 
bers and numeration content area. Then, 
median percentages for all exercises in, the 



TABLE 4. Median Percentages of Success - Numbers and Nu;neration Exercises* 





Age 9 


Age 13 


Age 17^ 


A^uH 


• 

N<in»bers tfnd n*umt?rai ion (entire chapter) 










median percehiG^es of success 


3s ; 




70^7 


65^. 


Numbet of.exercises AimmarizeJ 




(86) \^ 




(44)' 


• • 

Numeral systems and properties of number 
systems (Sections 1 and 2) me<ffan * 


> • 








percentages of success ^ • • 
Number of exercises summanzed * 


63 


58 
' (41) 


.65' 


42 
(16) 


Operations with real numbers (Section 4) 










median percentages of success 


. \30 


64^ 


77 


V75 


Nutnfc^er of exercises summarized 




(40) 


r4i)j 


(27) 


Exercises on. set theory were not ^ummanzeJ. thus, f^xercisc totals fo 
4 do not equal the total for the entire chapter. ^ 


r Sections 7. 


2 and 



\ \ 




\ ■ 



first two fictions in the chapter- Numeral 
Systems and Properties of Number Sys* 
terns -and for alj exercises in the fourth 
section - Operations With Real Numbers - 
are presented so tl\at relative performance in 
the two areas can bfe seen. Exercises on set 
theory were not sum'marized separately due 
' to th§ small number of these exercfses in the 
mathematics assessment. 

It must be remembered that different exer- , 
cises were assessed in the different sections of 
the numbers and numeration content area/ 
' and the exercises may not have been of c 
identical difficulty. Thus, the median percent-.; 
agej, should be used as an indicatioti df;v; 
relative performance, not as absolute figures \ 
representing a fixed abUity leveH' ' . - 

Table 5 displays median percentages of suc- 
cess on ^^overlap" exercises.^ National Assess- 
ment .uses the term overlap to designate . 
exercises assessed at more than one age level., 
Thus,, in computing the overlap medians, 
identical exercise pools are considered for the 
two age levels bemg compared. Since the 
composition of the exercise pool is held 
constant, comparisons of age-level perform- 
ance can be made. 

Neither the overall medians nor the overlap 
medians* standing alone adequately describe. 



\ 

perform^ce. The medians provide a picture 
of abilities for eadjh age but cross-age compari- 
sons canrW be made as th^ exercises are not 
identical. The overlap medians, .in contrast, 
show perc^tages of success for Identical 
exercises; birt the exercises included are not 
necessarily representative of the overall abUity 
level ^t each age. The 9-year^ld. medi^ 
percentage reflects their ability with all V- 
year-old Qxercises; .the overlap medians d\ 
not. Readers should consider- data from bott 
tables in evaluating performance on the num- 
bers and nunjeration exercises. 

As indicated in f^ble 4, 9-yeark>ld* displayed ^ 
greater facility with tllje'nuifieral systems and 
properties ^of number systems than with com- 
putation. Ai^the 13- ind IT-year-old levels, 
the advantage Was witH computational skills. " 
Adults clearly showed greater ability on the 
computation exercises tban' on the numeral • 
« and number systems exeriises. 

' >Tbis does not mean th^t l3-, 17-yearK)lds ancj 
adults cannot toiint or write numbers as w6ll 
as 9-year-olds. RespondefTti at the upper age 

. levels had greajber .diffiNJtV with iten\s on- 
. representation ami orderirig of decim^ and , 
fractions and in working witVdlfferent b^s,* 
items 'that generally were not\ administered at 



^ ^ ^ - . i 

TABLE 5. Median Percentages of Success on Overlap Exercises - 
Numbers and Numeration* . 



^ Age 9 -Age 13 AVe.l3-Agel7 Age^?/- Adult 



Numbers and numeration - median 

percentage^ of syccess 29% 80% 



51' 



72% 
(67) 



,69% 
(43) 




N63*^r 



(43) 



Number oUxercises summarized (43) (43) (67^ 

'Numbe'nof overlap exerases were not sufficient for (eparate analysis of numeral 
systems, properties of number systems or operations with reql numbers. 



ERIC 



r 



CHAt>TER 2 
MEASUREMENT 



We use measurement to quantify many tnmgs 
m our world, from the simplest to the most ^ 
complex. T^he child using a *nller is deter- 
mmmg the number of units in a given 
distance; the scientist calculating the distance 
to the moon is doing the same thing,^ although 
the units are » defined differently and the 
distance cannot be "measured" directly. 

The measurement exercises that formed part 
pf the mathematics assessment included 
recognition of various types of measurement 
units and their relationships, use of measure- 
ment instrvments, conversion of quantities . 
.frb'm one unit to anbther.and application of 
metnc geometry. The . e^tercises concerned 
measures of tiihe, ^temperature, weight, 
length, capacity and ar^a. 

0 

Represelitative 9- Year-Old Exercises ' 

Two 9-year-old exercises concerned measure- 
ment of time, one involving calendar time; the 
other, clock time. Forty-^ve percent of the 
g-ye^u'-olds correctly ^swered t^iat the date 
one week after July 4 is July 11. One-fourth, 
of the 9-year-ol4s knew -that tl^e^ amount of 
time between 4:25 and 5:00 was^^SS minutes. 

Nine-year-olds- were also asked to tell time 
w/ien shown a model of a clock. Ninety-six 
percent of the 5-year-olds, accurately gave.the 
tim^ when the clock was '^t on the hour. 
Approximately 80% were successful When the 
*time shown Iwas half past the hour, and 74% 
yi^e able U> set the clock to indicate 15_ 
minutes past the hour. 

In workmg with several other units of meas- 
urement, shghtly over two-thiWs of the 9- 



year-olds determined the amount of money 
equaled by 'one qiiarter, two nickels and four 
pennies;. 44% of the 9-year-olds and 84% of 
"the 13-year-olds, correctly gave the number of 
quarts in a ^bn. ^ 



Use of Measurement Instruments 
« 

Nine-y&r-olds and 13^ear-oWs were asked to 
read two measuring instruments — a» thermo- 
ineter'an>d a tuler. On both exercises, percent- 

. ages of success varied accordirigto the size of 
the gradations involved. When showji ainpdel 

* of a thermometer indicatinrg a temperature 
th&t was > Multiple, of 10, 92% at. age 9 *and 
96% at age iS read the texnpemture cqrrec.tly. 
Hov^ever, results were lower — 19% f 6r age 9 
and 55% for age IB r- when respondents' had , 
to use gradatioftS'Of-'twd degrees. • 

The size of the 'ihtetyal$ used ^alsj) ^affected 
performance on reading a juler. Nipe-y ear-old 
and 13-year-olci respondents Were shpwn four 
marked" jx)ints on a rtiter. Namijag the four 
points required the ability to read whole 
infches, half in^jhes, quarter jncK^s and eighth 
inchie^. Percentage^ of succession each of 
these Categories are." ^hown^ in Table 6. 
Res^qp^^ts at ag^s'S-'^d 13 also measured 
the Wiflth and length of a board. The^task 
proved easier .when the distapce to be Meas- 
ured was undef i2^'inches; the difficulty was 
^greater when the distance* Was over 12'lnches 
ind the xuler had to be moved. Results for 
-this exercise are als6 shown in Table 6. 

Respondents at all four age levels used a ruler, 
to determine th^ thickness of the bottom of a 
box having different internal » and external 
dimensions. The difference was in Units bf 
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TABLE 6, Percent Correctly Reading Vinous . 
Interval Mirks on i Ruler 



• • 

Read whole jiKches 
Read haU inches 


9 

84''. 
•60 . 


^ — r- 1 
Age 1 3 

• 83 


Read quarter incheb 


14 


54 


Read eighth inches 


1 




Measured uidtfi ot board* 
^ whole inches under 12) * 






Measured length of bo^ 
(whole inches over 12) 






• • » * 



whole inches. Eighteen percent at 'age 9, 43% 
at '^13, 60% .at age 17 anS 64% at adult 
found the correc^^ diffe^rence. • ' :/ * 

^- N . 

Comparison, and CoiiversidnLf ' 
Measurement Units • 

• " " " * 'i * 

One 'exeferise., -administered at all four ^e - 
levels, examined the ability- to c6m|Jare meas- 
urement units. Resportdertts ^'ere asked lo 
<}etermine which of tvpo counts, giv^n ifi*. 
different units, was larger for five't^^pes of 
measurement/ The exercise and*; rqsvtlts au:e 
shown in ta|ile 7. The .^lationshjip betwee^n 
feet anii yards- was njost obviotts for respon- 
dents ^. the three upper age levels. Nine-, 13- V 
atnd 17-year-o!ds had the most diffic;ulty with 
the relationship of poimds and ounces*. 



TABLE 7 Exercises md Results > 
Mcisurctiient Compiiisons* 
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^F^t-'yatds ' 

NjckeU-dmic^ 
Week5-monthfi 
Qunce^- pounds 

** 



Age^ Age'l3- Age 17 l^AduU" 




Several items deahng with conversion of units 
were administered at ages 13, 17* and adult. 
Units of time! weight, length and gapacity 
vjete mduded. Results for these exercises, 
which included units ,of time, weight, length 
and capacity, are shown in Table 8. As, the 
table mdicatefi, the ability to' con^vert units, 
with the exception of the months and years 
exetcise, was quite similar for different types 
of measures. 



TABLE^^. ResjiMs for Five Excrcises-About 
Con^verstpn of Upit$.' AgVl3, 17 md Adult 

• ' _ ' ' ' A'ie I3*Age 17 Adult ' 

76^ 92Vc * 929^ 



• 30 n^onths yearsi^x 
'snonlhs 



. NuintiEcr of oui>ccs^i}a given '•' -..C - 

' numjbec of pound? y/ 4^ :^ 64 -. 73 

Number olyard.Vm^tvch-. • .'-^ 

numberoffeet " ' * '\ . 47 ' "'•'-•Iss 



Niim^berof-'pihcsinlgDvj&^n' ^ \^ 

nuR^ter of gall^Jg • : 44 60" 

6*7*' cliiser to '84*l\harf " 

to 66, Tl jc>r 90-mi:hes ' - . -^6 • X - 66' 



"^5." 



t 



21 



,v • • • • 

•* Metric Geometry;., ... i . • 

Respondents .jSlso used geotnetric. fortaulas 
, calculate 'measuremef!t$. Seven pm^erviof tfee 
IS-yearKjl^s ainid slightly Over r25% .pf the • 
17-year-olds and*:*ad}jtits correctlj^ foiimd th^\\ 
^a of a square wfth'a perta 12.^hes; ' 
.Sevent6en-year*ords and ^dults>-%ei^; mbvi. 
successful in u^g a ge«me&ic .forftKtda to 
fmd thfi^'rmmbeir 'of gallpn cans of , paint 
need^ .to c6y4r^a 4S-footxTL0-fo6l areiL 
when, one can covered 2SS\ ^uare- fe^, 
Tw^-fifths of the-l%ear:olds and -three-fifths^ 
,of the admits correctiy ^ted that two b^s of 
paint would he needed; r * . " 

■J \ • . ■•■ • ■ 
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Summary 

Respondents seemed fairly successful m. ap- 
plying meaSuremeAt* concepts. Median per- 
centages of success! and overlap medians, are 
shown in'Table 9. As discussed Chapter*!, 
overall medians for all th.e measurement* exer- 
cises should not be compared across ag^ since 
the exercises given to each age level ^6ce not 
.Wentical. Overlap medians,do provide a mejns 
for age-level comparisons biit are not a com- 
plete picture of each age level's^ performance. 
The two statistics should Be considered to- 
gether. 



\ 



The median percentage of 65% for 17-year- 
olds indicates that on of the 29 exercises 
adownistered to 17-year-olds; gver 6S% of the 
respondents answered correctly. For adults, 
on^half oi the 29 exercises adnftnistered, over 
73^c responded cbnrectly. The overall medians ; 
and oveiflap medians for l7-y^-olds and 
adults are the same' because the 17-year-old 
and adult items m this content area wefe* 
identicaL 

Nine-year-olds were most successful with 
simple manipulations of ';3ieasuring instru- 
ments. Over 90% coul3 read a therpaomete* 



set 'at a multiple of 10 degrees and sei a<:lock 
to an even hoiir; 84^ could use a ruler to 
make a "measurement in whole^i^ches^ Per- 
centages of correct resppnses were also -high 

, for comparisons of pints' Bfid quarts, nickel^ 
and dimes and feet and yards. The S-yesur-alds 
had conaderable dif^culty in using a.rlileit to 

. Baeasure quarter and eighth inches. ' ^' 

Patterns of success at age 13 were siijailar to 
thpse 'for 9-year-oldsr Over 90% correctly 
compared quantities *of pint^ and quarts, 
nickels and dimes and feet arid yards. Ninety^ 
three- percent ^successfully ^used £^ ruler to 
measure in whole indies, and 83% correctly 
measured half inch^. Thirteen-year-olds' also 
, found measuring to eighth inches trouble- 
some. . , 

. On the majority 'Of the measurement >exer- 
. cises, adults held an advantage over l^-yea^- 

olda. Adult ■-|>erforman'c€ was furthest above- 
•4hat of 17-year-olds -20 ^ percentage 

points — on the ijroblem' about the, number of 
.cans of' paint needed to^ cover a certain area. 

.Adults were also generally more successfijl in 

making conversions from ope type of unit to 

another, ' " 



^-^-^ — — sifc : : — ' : 

' TABLE 9. Mcdiain.*nd Overlap Medfan Perpcnuges of Success 
^ : ' Mctsurcmcnt Exercises 



Me<3un percentages oT success.-' . 
Number of exerciser summanzed 



*Agc9" - Age 13 Age 17 

•(35> (35)* (29) 



Adult 

* 73% 
(29) 



, Age 9 - Age 13 Age 13 - Age 17 A%t%1 - Adult 



, ' Oierbp median percenlages 

ofsucce^ ^' 45-. 73^r . 5^- 

Number of exercises; summarized (22) (22) tl^) 



78^ . 65% 73% 
(19) (29) C29) 



CHAPTER 3 



GEOMETRY . 



Geometry m ffl^ pnmaiy grades consists 
mainly of learning the names of Various 
shapes and figures ;and understanding the 
co.ncept of tWo- and three-dimensional space. 
Student^ m\ the uppejr elementary grades 
apply formulas to calculate perimeter, area 
and volume. They also use instruments such 

the straightedge, compass and protractor to • 
construct and measure geometric figures. • 
Secondary school students may oi^ may no,t 
study geometry further depending on * 
mathemancs courses^ that they tak^ The 
' National Assessment of Educational Progress 
(N AE^r mathematics assessment was concern- 
ed mainly with the infotmal^geometry en: 
countered in the elementary grades prior to 
fphnal geometric courses. Thus, no geometric ? 
proofs were included arid fey^ exercises re- 
quired slciys from specific geometry courses. 

• Identification of Geometric Figures 

Respondents* at allioiar ^e levels were asked 
to supply the correct geometik names when * 
shown actual models of eight geometric fig- 

' ures. Percentages of correct responses for the 
various objects ar^ given in Table 10. At all 
ages, percentages of success were hi^e^ for 

- naming the circle. , 

Nine-year-olds were, also asked to identify 
. drawuigs of a rectangle and a triangle. About ^ 
three^fpurths of the 9-year-olds identified a 
drawmg of a rectan^e -when alternative* 
choices included a parallelogram » a trapezoid . 
.and a triangle. Slightly less^72%) of the 
9.year-oI^s profJeriy named a trianj^e. 

Almost half of the 9-year-olds were ^le to 



TABLE 10. PerccnUgcs of Correct Responses to 
Question ••Whtt is the Ntme of Jhis 'Figure?" 





Age 9 . 


Age 13 


Age, 17 


Adult 


"Circle •* 




95f 


9*7% 


91% 


Tnangle • 


. S8 


• 89 * 


-.92 


89 


Cone • 


28 


54 




72 


Cylinder 


3 


24 


53 


56 


Cube 


• ' 4 


23 


41 


\ 52 


Sphere 


2 


21 


46 


41 


* Ellipse 


2 


3 


•11 


10 



identify parallel lines ^hen shown several , 
different' configuratit)ns .of Jines, However, 
only .189& at age 9 successfully drew a line* 
parallel to a given line. ' , 

Approximately half of ^e 13-year-olds and ' 
. three-foxulhs of the 17-y ear-olds demonstrat- 
ed that they knew the relationship between 
^the radius ^d the diameter of a circle 
((i.= 2r). 

About one-third of the S-year-olds'were able^ 
to identify a right angle when given the 
alternatives right, acuje ahd obtuse. Forty> 
three percent of the 13-year-olds anS 73% of 
the.l7-year:9lds^^ted• correctly that there 
are'90® in the anp^ formed ty' the hands of a 
dockat 3 o'clock. 



Figure 5' compares 
identa^cation excr 
sh6\^ in Table 10 




on the geoinetrior 
[qding thejexercise 



FIGURE S. flt$ults fbi Selected Exercises: .<3eometry^ Identification of Geomefbc Figures 



Kfaotify a tfiangit > ^ 



Identify paniM fin« 



drawp«rillil Hdm^ 



df»t)«ttr^ 2 (rsditxs) 





II 




Ji 


1 


1 III 




identify a ri9ht,an9l« 



90 inanfUof dock at 
3 o'clock 




' ^ ^ -G^iTtetrfc Calculations ^ 

Nine-year-o|4s had difficulty with the concept 
•of perimetfer 'in l^word 'problem. Only 7% 
figured out how much fepde would be needed 
to enclose a 9-foot x 5-foot 'garden> Forty- 
three pexheAt of the 5-year-olds added 9^ and 5 
ior an;dis\^cer of 14, and 16% respondea with 
•*Tdpn'tJaidw/v - ' |. 

' Seventeen-yeac;ljlds ahd adults were asked . 
finc^tiie area --of fhe^shaded portion 5f th^ 
figure opp^te. * f ' 

Eighteen percent of th^ I'^-year-olSs ahd 26% 
of the^ adults 4k1 so successfully.- 

evml exeteises requirad" calcidation of /vol- 
^\ Wheh shown pictures of a one-inch Jcube 
'rafi A'crateM" x i:* x 3", 48% of the s/yeax- 
ojds ^d ^3% of the IS-ypar^Ids coitectly./ 




15ft • 



r^ponded that it Would lake three cubes to 
fill the <srate. Nine-i, 13- and 17-year-olds were 
shown* a pictxire o^a rectangular sohd niarked 
off in c\ibes and sskedL to determine the total 
number of cubes kt containec}. Six percent of 
the 9-year-okis, 21% of the l3-year-olds and* 
43% of the 17-vear-olds did so successft 
Fourteen percent/ at age 17 and 21% at^dult 
correctly calculated a vokim^ in aibifieet- 

J 
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F»6gRE 6. Bcsuitt for Selected Exo^ws: Geometric CalcatWons 



vno^t of fenct n^dtd 



arM of ih»d#d portion^of 
figur* 



thrM on^Hod) evbm in 
1** jc V^3"crtt« . 



SOlK* 





llllilll 


illlllilllllllllllllllll 


mil 


llillilll 









^ufiM <n cubic f«tt 




20% 30% 



•50% 



60% 70% 

^ t 



80% 



— H- 
90% 



100% 



when two dimensions were given inrfeet and 
one in inches. Figure ^.display^ results for thfe ' 
geemetxic-calcixlktion exercas^. ' 

Use of a Protractor 

* * " 

Thirteen-year-olds, 17-year-olds ted adults^ 
iis^ a i^tractor to' measure twp acute angles 
and^ one, obtuse ah^e.^ Oh the two acute 
angles, percentages ^>f success ^were 33% and 
36% for 13-y«ar-olds,, 57% and 60% for 
17-year-olds and. 47% and 48% for 'adults. 
Percentages' of success on the obtuse angle 
were the foBowing: 31% at age 13, 52% at age 
17 and 44% at adyilt. 



i Construction * ^ 

•- . f» * * 

Thirteen-year-old and 17-year-old respondents 
were asked to perform a geometric construc- 
tion -r bise.cting an, angle-using a stiraightedge 



and compass. Ten t)ercent of the 13.year-olds 
and 37% of the 17-5rear-olds m^e an ade- 
quate construction; 55% of the 13-year-olds 
tod 30% of the 17-year-olds responded with 
Vrdon't know."l 



-^*Sun?mary . , 

Id^n^cation of familiar, geometric figwes 
seemed, the .easiest part: bf tiie geometry 
assessment for respondents. Of course, some 
figures were a good deal mgrfe familiar than 
others. The cirde and'the.triangje were most 
'x>ften nam'ed correctly by afr-^age levels,, while 
the cube, the sphere Mid the ellipse proved 
more difficult to identify at all ages/ . / ^ 

Respondents were generdlly^ore suQcessfiU 
at tecogpizing the name ola figOre in a list of 
• mtdtiple-choice aftematives than in recalfing.- 
the name when shown a model of the figure. 
For example, 21% at age' 9, 66%, at age 13, 



82% at age 17 aftd ^1% at adult correctly 
sheeted cytnder from a list' of alternatives 
wh^n asked the qu^estibn, "Which geometz:ic ' 
figure is .shaped most like a (familiar object)?" 
In contrast, 3% of the 9-yearokls, 24% of the 
l^year-olds, 53% of ^ the H-year-olcfe and" ^ 
56% of^ the adults named a cylinder when 
shQwil 9 plastic ^lodel-of the figure. 

Some of the metric geqmetry, exercises proved 
•difficult for ^respondents. The Majority of 
9-year-olds'were not able fo solve 'the area and 
volulbe problems included in the assessmait: » 
under 50% at age 9 got anv of these problems 
right Thirteen-yeaf-olds also had difficulty in 
cai(^u^ating volume. Although 83% knew that 
thipee one^inch cubes wouki fit iiito a crate , 
lVxl"x3'\ when shown pictures of the 
respective sizes (yf the figures, only 21% 
cpnrectly determined the volume of a rectan- 
gular solid ' marked in cubes. Forty *thr^ 
percent at age 17 found the volume of the 



rectangular solid, however, less than on^fiftb 
at^age 17 and21 to 26% of the adults found 
th§ area of the shaded border shown «n page 
16 and correctly figured a volume m cubic 
.«feet. ^ • " 
♦ • . . 

. As in previous chapters, median perc^tages 
of suc6ess and Overlap percentages of success 
are presented <see Table 11^ to give ap idea of- 
overall performance 'in the geometry 'content 
area at each age level and to allow some 
comparison of relative performance, of the a^e 
-levels. As explained in' 'Chapter Jl^, extreme 
care must be used in interpreting these num- 
bers. Both the overall and the overlap medians 
should be considered in evaluatmg perform^ 
arice. It also must be remembered that these 
nimibers ^represent success on the National 
Assessmeift geometry 6cercises, not success 
on the entire $ubject-|oatter area defined as 
"geometry." ^ ' 



TABLE 1 U Median tnd OTcrUp Median Peitentages of Success,- 
^ Geometry Exercises 



Median percentages of success 
Number of exercises summarized 



Age 9 Age 13 * A^e l? c Adult 

28% 51% - 57% ' 53%* 

(39) • (37) \siy ..-^ (29) 



A8e9-Agel3 Age 13 -Age 17 Age 17 - Adult 



Overlap median percentages 
of success. 

Number oT exercises summarized (27) <27) (29) (29) * (29). ' (29)/ 



28%^;5S% 47% -,70% 60% ' 53% 
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CHAPTER 4 \ 
VARIABLES AND RELATIONSHIPS 



The study of variables and relationships pro- 
vides a foundation for the ^tudy of higher^ 
mathematics. Variables are ne(^ssary to talk 
about general rather than particular cases. The^ 
relationships between variables are Important 

■ m develo{5mg logical mathematical systems. 
Tbpics mcluded*in the, area of variables and 
relationships are algebraic expressions, equa^. 
'tiohs and mequalities, relations, functions and 
graphs, ^exponents and tngonometry and 
mathematical logic. The problems are general- 
ly of the type that would be found in 
prealgebra or elementary algebra courses.' The 
National Assessment of Educational Progress 
(^?AEP) dic^pot assess advanced mathematical* 
subjects — for example, matrix algebrsJ, vector 
algebra^ or calculus -due to the relatively 
small number of people exposed to such 
subjects in the schools. 

'.Although some ideas mvolving* variables and . 
their relationships are taught in the early 
elementary grades, variables and their rela- 
tionships are usually not studied in . depth 
until students .enter prealgebra and algebra 
'bourses. These courses are generally firstf 
available at the seventh- and eighth-grade 
levels. Thus, the assessment exercises concen- 
trated upon 13-year^ld, 17*year-old and. 
adult skills in using^ variables and relation- 
ships. V 

A number of exercises were administered only 
to 17 -year-olds. Thirt^en-y ear-olds were not 
expected to haye learned the required skUls, 
and it was anticipated that adults might 
'become discojuraged if confronted by prob- 
lems that ^tbfey had forgotten how to solve. 
The-^exercises given only to^^7-year-olds were 
designed to discover what students khew and 
could do near the conclusion of their hi^ 
sdiool <"are^. 



" Algebraic Expressions 



In studying algebra, students must in Effect 
leSmi an entirely new language. They discover 
^ that a v&jable serves' as a replacement for any 
element of a given set. They can then'manigiiv^ 
late these 'variables and perform. ^kritRmetic 
operactions. 

In answer to the question "If y dollars are 
shared equally among four boys, how many 
- dollars does each boy receive?" 12% of the 
13-year-olds, 43% -^f the IT-year-olds and^ 
33% ^of the adults correctly responded with • 
4/y^ or an equivalent form. Approximately 
■ oneVifth of the 13-year-o.lds and half of the 
17 -year-olds cprrectly gave the algebraic ex- 
. pression for the cost of two pounds of apples 
at a(J per pound >and one pound of pears at p4 
per- pound (2a+ pi a + a + p, etc.). Fourteen 
per<^t of the 13-year-olds, 51% of the 
' 17-year-olds and 27% of the adults success- 
fully multipli^ two fracti^^y. one of which 
included a variable. At age i7, 29% apparent- 
V ^ ly understood the relation o f tty parenthe sis 
and the negative sign, successluiiy maiiipaldl- 
. in*^ the following expression - 
(r+ s) - (r -s) — to find the answer 2s or s + s. 

Ope exercise askeci respondents to substitute 
a value for a variable to find a value of a 
second-degree equation (if x = 3, x^ • J ^ ?). 

• Percentages of suctess^ for -13- and- 17-year* 
olds and adults were 45%, 75%^nd 4S%, 
jespectavely. Two exercises dealing with hig^- 

• er-otder equations, bite requiring multiplica- 
tion* the other demanding factorfiig^ were 

. administered only to 17-year-olds. Thirty 
percent cojnpleted the multip^cation success- 
fully; 20% gave the correct factors. .Figure 7 
shows percentages of success on the exercises 
abbut using algebraic expressions. • ^ 
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FIGURE 7. Results for Selected Exercises: Algebraic Expressions 
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^ Equ2(jionsaiiji Inequalities 

The 'complexity of equations and inequalities 
ranges ^om-filTing in the missing number in a 
simple open .sentence to factonng quadratic 
equations* and beyond. ^ with many of the 
other /topics in tfie maliijeinatiQs Assessment, 
ti^ '4^ncepts of eqoiations and inequalities ar% 
introduced ih th^ elementary- grades and 
amplified in later matfieiflatics courses. 

Nlne»year-olds vfere asked to give the number 
that DMdces the following open senteiibe true; 
3 * □ = 10. Ninety percent' were able to dp 
so. 'A similar equation, x • 3 = 7,. was solved 
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by 49% at^e 9, 85% at ag$ 13, 94% at age 17 
and 81% at adult. Seventeen-year-olds were 
considerably more' successful than 13>year- 
olds in solving tee equation 3x • 3 12; with 
75% of the^ IT^ear-olds^ and 39% .of the 
13-year-olds "correctly answering 6. ^ 
/ 

A more complicated equation, requiring use 
of the additive inverse to group quantities on - 
either side ^^f the equal sign, was solved 
fcorfectly by 4if#% of the 17-year-ol^ and.25% 
of the adults. Half of the 13-yeilr^lds, 70%,oi; 
' the 17-year-olds and over half the zdvits 
^56%) correctly determiped that if x<4^ 
X + 7 m^ be less than 11. 



Thirteen- and 17 -year-olds were asked to 
convert Fahrenheit temperatures to Centi- 
grade- given the following information: using 
the formula F = 9/5 C + 32% what is C when 
F = 77''? Respondents not only had to substi- 
tute into the formula but had to use the 
additive and multiplicative inverses to 'solve . 
the equation. There was a substantial differ- 
ence in skill on this exercise between ages 13 
and 17. Two percent of the 13-year-olds and 
24% of the 17-xear-olds gave the correct 
answer (25^ €), a r22-percentage-point differ- 
ence. Percentages of sucqpss for each age level 
on the exercises describe<? in this section 
appear in Figure 8. 



Relations, functions and Graphs 

Seventeeh-year-okis showed their understand- 
ing, of functional notation in answering the 
question, **If f(x) = x + 1, f(2) = Two out 
of five 17-yefu:-olds correctly answered either 
3 or 2 + 1. ^ ' \ 

A number 'Of exercises concerned graphing of 
equations. Exhibit 2 «how8 an exercise arcing 
respondents , to identify the graph of an 
equation. Under 15% of the 1^-year-olds and 
less than half of the 17-year-olds identified 
the- proper graph. "About one in five of the 
17-year-olds was able to write the equation 



FIGURE 8. Results for Selected Exerci$cs:'^quations and Inequalities 
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EXHIBIT 2. f xfcrcisc and'Kcsults' 'Graph of ai^^Equation 

* I. » 

Which chart sfiows part of tfie graph of th^«>u4tlon x = y'' * ^ 
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for a horizbntal line -with a y-intercept ot 2, 
and one in five was able to draw a graph of a 
given equation. Seventeen-year -olds were also 
asked to give the slope and y-intejcept of a 
particular equation when , no graph was 
shown. Sixteen percent successfully 3eter- 
mined the slope and' 12% gfive' tHe4T3roper 
y-intercept. • ^ 



Exponents 



Special Types of Funt 

• and Trigonomet 




Ex{k)nents anil trigonometrio functions are 
special classes of functions having properties 
that ^t them apart from other functions* 



Exponential^ expressions are i:epresenfed 
graphically, by curves rather than hnes. The 

. trigonometric fuifgtions are the ratiqs of 
* certain sides ^qC 'jigh^t triangles to spe<5ifi^d 

^ other sidBsi, • T ' * ' • . o 

The more sophisticated exponential and* trigo- 
nometric fuhctions are generally taught in 
intermediate ^e}M:a, which is not studied by 
a^uaqjonty of high school students. -R^feults . 
shouldB&^svaluated inflight of that fact. 

\ * Several National Assessment exercises dealt * 
with th6 meariing of exponential expressions, • 
Fifty percenfx)f the IS-year-old^^and 74% of 
the 17-year-olds conrectly stated that 4^ = 64 
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or 4 X 4 X 4. Percentages, were lower tor 1^- 
coi&mon expressions such as a number to the 
zero -power (17^c at age 13 yd 28% at ige 
171, a number to a fractional power (19% at 
age'jTj and a number to a negative power. 
{^0% at age l7).'tlespondents were also asked 
to\ give a value for a number expre&ed in 
sci^itiffc notation. Thirty-seven percent of 
the\3-year-olds. 62% of the 17-year-olds and 
49%\^the adults correctly chose 360 as the 
value 0^ 3.6 X 10^ 

Other exfercises measured the ability to under- 
stand radW signs and take square rd^ts. At 
ages 13, l\ 'and adult, 37%, 75% and 60%, 
respectively)\were able to give the square root 
of 16. Respondents had ijiore difficulty in 
findmg a square root that was not perfect. 
-Half of the 17-yeAr-olds'land slightly more ' 
than one-third of the aduRs correctly deter- 
mined that 3^2 was closer to the square root 
of 10 tha^ 2.5, 2.7 or 3.8. Seventeen-year- 
olds and adufts were also-masked to use,a table 
of square roots. Seventeen percent of the 
IT-year-olds and 18% of e adults located 
the square root of ' a two-digit number. A 
smaller number, 8% at age 17 and 12%^ at 
adult, found the square root of the same 
number expressed in hundreds (two zeros 
added to. the two-digit number). 

Questions about trigonometric functions were 
aske4 only of 17*year-oJds. Around 11% of 
the^ -year-olds were able to identify each df 
thrH^^ommon- trigonometric firnctions. Per- 
centages of success on 'exercises, concerning 
. exponents and. trigonometry 'are found in 
Figure^,. 



, ■ Mathematical Logic 

Mathematics is a lopcal system With each new 
\part of "the syst^ building upon what went 
before. -Formal 16gic is cpncemed with the 
truth* or" falsjty of statements an'd the effect 
that tW' fon? of ^a statement has upon i^ 
truth or falsity. Infermal logic, the typfe that 
."most people are familiar with, involves the use 
of an orderly prc>cess of reasoning'to alrive at 
a problem *s solution. Mationfel ^Assessm^nt 



measured respondents' facility with mforma!" 
logic, considering mainly- their abihty lo 
determine relationships between various state- 
ment^. 

^ A typical example of a logifc exercise and 
' results for the exercise appear in Table 12.^ 
*Hdlf the, 17 -year-olds and slightly over half 
the adtilts determined the proper relationship. ^ 
One need not know any specific ^'rules'' of 
logic to solve this probrem,-but one must 
r^orously eliminate any alternatives where 
there is not enough information to determine 
the absolute trUth or falsity pf the statement. 

A logic problem administered only to 13- 
year-olds -concerned the relative ages of child- 
ren. The problem was the following: **John is 
4 years older than Ellen and Ellen is 11 years 
younger than Monica. Monica is 12 years old. 
How old is John?'" Seventy ;One percent of the 
i 3-year-olds answered correctly that John was 
tO. A^similar unreleased exercise about relative 
ages using inequalitie^(gteater than, less than) 
rather than actual numbers 'was answered 
V correctly by 54% of the 9-yeaf-olds, 81% of 



TABLE 1 2. Per<;enta^ of Success for Typical , 
Logic Exercise ^ 

Which one of the statements below follows logically 
from the statement./' All good driters ire ilert*'*^ 

\ . . ' • Ag^ 1 X Adult 



drivers, 

<;2i> Some ilert persons ate not ' 
. ► good drivers. ^ • 

A person who is not i good 
driver is not ilert. 

A person who is not ilert 
is not ii'good driver. • 

' CI> 1 don't knojv. ^ 
No response , 
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*)Vtq equals rounde4 percents less than one. 

f Figures may not add to 1007^ due to rounding error. 



FIGURE 9. Results for Selected Exercises: Exponential and Trigonometric Fuiyrti 
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FIGURE 10. Results for JSelected Exercises: Logic 
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the 13-year-olds, 84^of the 17-year-olds and 
75% of the adults. Percentages of success on 
logic exercfees are 'presented in Figure 10. » 



' " ^ Sutnmary 

> 

At all three age levels, respondents did best on 
the logic exercises and on solving simple 
equations afrd inequalities. Thirteen-year-olds 
had more difficulty "^in solving equations in- 
cFuding qiultipHcatk^n than those simply using 
addition and submction. Thirteen-year-olds 
did not seem particularly familiar with manip;, 
ulation of variables. Twenty-one percent sue-' 
•cessfully stated 'the price of two pounds of 
apples at a^ per pound and one pound of 
pears at p^ per pound in symbolic form; 14% 
were able to multiply -two factions, one of 
which had a viable in the numerator, and 
12% correctly expressed y dollars divided 
equally among four boys. . 

AdMlt ^erfom^ce followed a pattern similar 
to -thai of thie^3-year-olds; \^itijJt*tfe highest 
percentages oi success on solving simple equa- 
tions an^ inequalities and problems in logic. 
Adults showed, greater ability than IS-year- 

".olds on t^o- exeroJs'es 'about manipulating 
^ 8^nn5^>fe;.27^of the'adults successfully^ multi- 

' phed thetw^^ and 33% correctly 



expressed y dollars divided equally among 
four boys. 

Seventeen-year-olds experienced the most dif- 
ficulty with exercises that wer^ not assessed 
at the other two age levels - exercises on 
quadratic equations, zero, negative and frac- 
tional exponents, logarithmic functions and 
graphing equations. Their performance on the 
othjr exercises showed the same pattern as at 
th J%ther ages although percentages of success 
were generally higher. 

provide a generalized summary of results 
variables and their relationships, overall 
^_ians and overlap medians are presented in 
.■able 13. These nummary statistics are subject^ 
to the limitations discussed in Chapter 1, paige 
9. The overall me^lians\give a feel for how 
weU an age level did on all exercises; the 
overlap medians provicle a comparison of age 
performance of different age levete on identi- 
cal exercises. 

■ As is evident from Table 13, nearly all of the 
13-year-old and adult .exercises were also 
administered at age; 17. Seventeen-year-olds 
had a distinct advantage on these v"overlap" 
exercises; the overall t&ediaA fbr 17-year-olds 
was lowered by those exercises admiitistered 
only to 17 -year-olds. ■ 
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^ * TABLE 1 3. Median and Overii^ Median Percintagei 
o/ Success - Variables ind I^tionships Exercises 
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CHAPTERS ' ^ 
PROBABILITY ANO STATHSTlCS 



What are the chances of rolhng a. seven? 
drawing a fourth queen? Any good garner 
knows that he/"has to use probability rfne is 
^to win niiore often than he lose©, although he . 
may not ca^l^ it by tjiat name. Businessmen , 
zsA goverariient officials use probability and 
statistics /€o *'gamble" on a different level — 
for example, to. predict next year's sales or to 
estimkte where government alK>cations will be 
needed; ♦ 

• 

Although probability and statistics are closely , 
.allied, they are not one and the same thing. • 
Probability concerns the chances of an uncer-^ 
tarn even^ happening.. Statistics is often sepa- 
rated -Wo two categones, descriptive and 
mferenjikf statistics. • Descriptive, statistics m- ' 
eludes methods- bf describing large quantities 
of data; inferential statistic^ uses concepts of 
probability to draw conclusion^ about a large 
group from a sm.aller subset pr sample of that 
group, ; - ... ■ 



• Probability of Events' 

Students often become acquainted -wiRi prob- 
abihty tKrough simple expfemnents such • as 
flipping a.' coin- or spinning a sgmner. After 
tBey have empincally determmed.the ratio of 
the occurrence of a given event to the total 
nmnber of chances, they discover the general 
pnnaples for determjhing probability. 

When showa a spirther wjth several different 
Colored sections, 40?c at age 9, 55^ at age 13 
and.So^c at age 17 correaly steted that the 
.colar^that occurred the most often- on .the 
spmner*. would be most? likely to be' spiin.. 
Respondents seemM |o have some difficulty 



ih. recognizing that the number of attempts 
does not affect the probability of a particular 
' occurrence. \Vbai asked to determine . the 
' probability of a certain outcome for a fairly 
low number Of spins of a spinner, 1Z% of the' 
9-year-olds^ 35% of the iS-year-otds and 50% 
of IhB 17 -year-olds gave the correct 'answer; 
however, only 1% of Che 9-year-olds, 6% of 
. the 13-year-olds and 18% of the 17.yfiar-olds 
gave the correct ansWet when the number of 
attempts was increased three and one-third^ 
times, 

* . » 
Several 'as^ssment exercises involved the 
probabilities of eoin flipping. Of .course, cqin - 
flipping is to excellent example ot probability 
because for each evei\t there are ohly two 
possible out<Jomes, heads or tails, and only 
one^^tauj occur. Fifteen' percent of the 13- 
year-olds7^7% of the 17-year-olds and 36% of 
the adults stated that thtire is a 50-50 chance 
of' getting "heads" on the fourth toss of, a 
coin if thi:<?8 previous tosses have resulted in ' 
two "heads" and one "tails," Asked the 
pjobable result if several coins Were tossed al 
th"e same time, 41% at age S,"'65%'at a5ge l3' 
and 63% at age 17 correctl^' determined that 
half the coins should show heads .and balf 
tails. A -more difficult' problem involyed.the 
- chances of all ''the coins tossed showing th^ 
same results. Only 3% of the 17-year-olds* and 
5% of the adults answered this problem' 
correctly? * > 

• *' • 

Twx) exercises coftdemed the^ possibility bf 
selecting a particular object from a varied 
* assortment. Approximately 1 in 10 (11%)" at 
age i3 correctly stated that there was a 1 in 6 
• . ' chajlce of drawing a red button first from "an 
assortment of one red and five black buttons^ 
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FTGURg 11. Rewlts for Selected Ixercisei: Probability bf Events * 
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Twenti- -seven pertent at age 13, 49% at age^ 
17 and 53% at aduh correctly determine^ th? 
chan(;es'^f drawing particular ping pong ball 
from an assortment. 





Figure 11 shows resuta fej^e exm 
discussed in this section. Pereeata^esTW sti^^ 
cess for. these exerp^ a e s' were >^^hxghr no 
more than two-thirds of the "^^^ndents- 
r^pondgd correctly on any of these\^^rcises 
and jn moss^^ses tKe percent^e of .cbrp^ 
ivses was coT&iderably fewer, x 

Per rtiutations and Combinations ^ 

A permutation is the number of different 
arrangements, that can be made of a certaiit^ 
number of elements (either some or all) of a^* 
set. A combmation, on the other hand, is riot 
concerned with the arraSgement or order of . 
the elements but jnerely with the number of 
different combmations that can be- made fi:om 
a specific number of elements of a given set. 
For example, the i^umber of ways three 
people can arrange themselves in going 
throu^ a hne is a permutation. The number 
of ga^B^ five basketball teams have ta play jri 



ord^ that each team plays all the other teams 
oncfels a combmation. 

In answer to the question about the possible 
permutations of three people going through a 
^hne, 30% of/the 13-year-olds. 47% of the 
''iT-year-oldr and 23% of the adults correctly 
answered that there were six arrangements. 
. exercise administered only to IT-^ear-olds 
concerned factorials/ which are used to solve 
penn^tion and combination problems, A 
small percentage of the 17-year-olds, 4%, gave 
the proper value for a- number written in 
factorial notation (ejg*, 3! = ?), 



A c<?mbination problem s imil a r to the exam- 
ple _about the basketball te^s was admin- 
istered-;©-li^year-okis and^^ults. Five per- 
cent at both age levels got the,pr^l§m ri^t. 
Twenty.fQtir percent't)i the 17-year^oias and 
20%' of the adults evidently squared the. 
number of elements to reach their answef; 9% 
at age 17 andoj^at adult divided t;he 
number of elemenSln tial^^^^nother question 
concerned the number "of combmations pos- 
sible on a combination lock with^s^vi^<ials; 
19fe of the 17.year-o]ds and 17% of th6 1 ^ 
answered successfully. Eighteen percent at age 



/ 



FIGURE 12. Rwults-for Selected Exer^tscs: Permutations and Combinations ' 
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17 and 29% at ^uk responded with "I don't 
know." Figure 12 displays results for these 
exercises. Sim^ to results for the previous 
.sectipn.^^ieenteges of success are not high. 
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Statistics 



J. 



In another defihitidnal exehrise, 69% of the 
IT-y^ar-olds afidj 66% of Jh^ adults correctly 
selected ihe groUp showing the widest range 
(h characteristic] Percentages of 
these exercises jappear in f'lgure 




^Exercises m this section involved definition of i 
some elementary statistical terms. The statis- 
tics • taught in elementary., and secondary 
schools are primarily descpptive statistics; 
inferential statistic^ are not ordinarily intro- 
duced until the college leV'el. 

^Thirty^ight percent ol the 13-year-olds, 66^ ^ 
of the- IT^year-olds and 69% of the adults 
properly computed a simple average. Nineteen 
P^^^<iilt^age 17 and 38% at adult solved a 
problem using a weighted average. Median did 
not seem to be as familiar a term as average; - 
12% at age 13, 15% at age 17 and 18% at 
adult correctly identified the median of a 
senes of numbers. ' - 



Summary ^ 




Respondents^ not appfet^tremely famil- 
iar with concepts of probabilitj' and statistics. 
"Resiilts were underN;m%. for all exerei^ 
s umm a r ized in this sectiort> . 

Thirteen-yearK)lds had their greatest perceqt^ 
ag$ of ,correct responses, 55%, on two proba- 
bility exercises: choosing flie color most 
likely to be spim and determining how many 
•coins would probably come up the same if a 
^ number of coins we?e tossed at the same time. 
Sev^teen-year-qlflsflnd adults did best on the 
questidn about/the widesf range for a given 
. characteristic ^d on determining a simple 
average, ' j 



\ T=IGUREJ3. Resuitt fof Selected Eicrctjes: Statittio 



»d«ntify « median . 



find tht 




30 



ERIC 



44 



•On most of the probabibt>' .and statistics 
exercises, aduks^a^ a sh^t a^lvantage over 
17-year-olds. The. adult advantage tended to 
be on exercises about chances or probabilities. 
Adult p^ormance was close, to ^ below that 
of 17 -J' ear-olds *pn exercises about permuta- 
tions and combinations. ^ 

Table 14 pre^nts median percentages and 
owrlap median percentages for 17-ye^-olds 
and adults. The number of 13-year-old exer- 
cises was \ too small to allow meaningful 
sfummaries. 



Ti^BLE 14. Medttn >nd OvcrUp Median Pcrcenttgts 
of Success - Probability and SUtistics Ejtcrcises 

Age 17 ^ Adult 

Meduin percentages of success 32^ 
^^umb^r ottjxercisesi^mmanrcd 1171 . illX 

Age 17 - Adult 

Overlap median percentage^ 

of success ^ • * 

N'umbero? exercises summarized* (12) - (12) 
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CHAPTER 6 X 
CONSUMER MATHEMAt^CS 



In times such as the present, when income 
ne\»er seems to keep up with the nsmg rzXe of 
inflation, the consumer mqre than ever needs 
mathematical skills. Comparing the advan- 
tages of cash and credit purchases, computing 
unit costs and determining quantities to btiy 
are all cbmmon apphcations . of consumer 
mathematics. Many of the mathematical skills 
needed, sudi as the abibty to compute, to use 
percents, to make measurements and t<) con- 
vert measurement units^ liave been d^cussed 
m previous chapters. The exercises presented . 
here deal witb situations that might be en- 
counter^ by the consumer. All of the items 
are m word-problem format, so a person must 
determme the' process to use before be^nmg 
calculations. 

Also included in this chapter are exercises 
inTOlvmg graphs and tables. Graphs and tables 
provide ' information •on a wide variety of 
subjects, from the stock "market to sports 
statistics. The alert consumer should be able 
taread and mterpret sudi uiformation. 

The coTisun^-matbemjatics exercises were 
administered primarily to 17-year-old and 
ad'ult respondents. First, the situations were 
not considered particularly relevant to 9- and 
13-year-okl concpms;. second," many of the^ 
necessary mathematical skills are first intro-* 
duced m the upper elementary grades^ and 
proficiency at ages 9 and 13 would not be 
expected.^ 



' R«ulu for selected consumertntthttnttics exercises 
jtrei presented in thb chapter. More det^led daU on 
the consume^fnlthe^utttt excitisei are* found in the 
report Consumer Math Selecud Rtfulu From the 
First Sational Atseument of Mathematics, Report 
04-MA'Oi (Washington, D.C. GoTemment Printing 
Office. 1975). 



Consumer Situations . 

Several exercises . required respondents ^to 
make cost comparisons. For example, in one 
Item the cash price 'f<ir an automobile 
($2,850) and the credit pnce (S400 down and 
$80 pa: month for three y^is) were given 
and 'respondents had to determine how much 
more would be paid using credit. Fifty-six 
perVrent of the 17-year-olds' and 68% of the 
adults correctly replied that the, difference 
was $430. 

Approximately one-half of the respondents at 
age 13, three-fourths at age 17 and dose to 9 
out of 10 of the adult respondents correctly 
stated the pritte difference between a 10% and 
a 15% discount on a $100 item. Fifty-six^ 
percent of the adults correctly figured the 
difference between a 3% and 4% sales tax for 
a car costing $2,760.00. ^ 

X typical supermarket cost-comparison item 
appears in Table 15. At all Uire^ ages (13, 17 
and adult) the majority of respondents picked 
the largest size as having the lowest cost per 
ounce. Thirteen percent of the 13-year-olds 
and 10% of the 17.year-olds evidently 
thought that lowest price per oimce meant 
lowest price. 

A similar exercise involved comparing unit 
costs for various-sized cans of tuna fish. After 
making a round estimate about which can 
would-be the .best buy, respondents were 
asked tt) give a specific cost-per-ounce esti- 
mate for each can. Forty percent of the 
* 17-year-olds and 45% of the adults correctly 
determined the can that sold for the lowest 
cost per ounce, 46%.at both agps 17 and adult 
mcorreetly selected the largest can as sellmg 
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TABLE I S. kxerose tnd Results for 
Cost-Co mptpson Item 

A housewife win pty the lowesv pncc per ounce for 
Jice tf she buys it it the store which offers 

A^e 15 Age 17 Adult 



1 2 ouqces for 40 
cents. 



13-c 10'^. 4" 



14 ounces for 4S ' 

cents,* ^^85 

1 pound, 1 2 ounces 
^ for 8S gents. 25 34 34) 



2 pounds for 99 
cents. 

I i3on*t Scnow. 
response 



4t> 4t> 4" 
6 3 4 

^- 



*Eus equals rounded percents less than, one 
-"Figures mc\ not add to lOO'l^ due to rounding error 



for fthe lowest cost per ounce. Respondents 
were more successful m making specific unit; 
price estimates for each can. For 17-year-olds' 
and adults, percentages of correct responses, 
were 66% and 75% tor the smallest can, 63% 
and 66% for the medium-sized can ind 55% 
and 59% for the largest can. Figure 14 
provides a comparison of results for the 
exercises discussed above. 



Taxes 

Taxes are a fact of life for most adult 
Americans. Although' they cannot be avoided, 
everyone -should be able to calculate his taxes 
so as not to pay more than his fair share. 

National Assessment asked adults to use a 
portion of the federal income tax tables to 
determine the correct tax on a given mcome 
for a married couple claiming three exemf> 
tions. Fifty-five percent, or slightly over half, 
resp>i^ded with the correct tax. Abou^ J0% 



used the table for twp rather than three 
exemptions and another 13% responded with 
"1 don't kJiow/; Although not all American 
adults use the >federal tax tables, it appears' 
. somewhat- surprising that 45% of the adults 
ages 2&-35 have difficulty in reading tax 
tables intended for their use. 

Thirteen-.' 17-year-old and adult respb^den.ts 
used a sales tax table to find the tax on 
several different amounts. When asked to*give 
the tax on an amount hsted on the table, 
one-half of the 13-year-olds, three-fourths of 
the 17-year-oJds and four-fifths of the adults 
, were able to do so. However, when ^asked to 
give the tax for arf amount higher than those 
lisi^ on the table, 7% at age 13, 30% at age 
17 and 60% at adult were successful. 

A question on property taxes was answered\ 
correctly, by 40% of the 17-year-olds and 56% 
of the adults. In this problem, the tax per 
$1,000 of assessed value arid the* assessed 
\'alue of a house were given, and respondents 
determined what the tax would be. Figure 15 
displays results for these tax problems. 



Simulated Consumer Transactions 

A number of assessment items were desired 
to simulate consumer situations more closely 
than could be dorle wnth paper-and-^ncil 
items. For example, 9- and 13-y«ar-olds were 
asked to make change for a purchase; 17- 
year-olds and adults were asked to balance a 
checkbook and fill out a time card. 

The 9- and 13-year-olds were told to pretend 
that they . were sales clerks and that the 
"customer" (the assessment administrator) 
wanted to buy a softball. Twenty-six percent 
of the 9-year-olds and 72% of the 13-year-olds 
returned the correct change from two dollars. 
(The^ price of the item was slightly over ^ 
dollar.) 

Nearly one-third of the 17-y^ar-olds and 
almost half the adults. correctly calculated a 
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f IGURE 14, Results for Selected Exercises: donstimer Situitiom 
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FIG0RE*15. Rejults for Seltctad fejercbcs: Taxes 
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week's pay from a tipte card showing ick^d 
out times and an hourly rate of p^*An 
additional 48% at age 17 and 42% at adult 
used a correct procedure^but mad^^a mistake 
in calculation. People seemed to know how to * 
use a time card but apparently needed to 
exercise greater care in completing computa- 
tions. ' * , 4 

Sevehteen-yearold and adult respondents \ 
were asked to balance a checkbook. Each " 
respondent received a bank sta^ment, a 
check regi3^r and cancelled^ecks. In recon- 
ciling the statements, a subtrikgofi errpr.and 
a deposit error had to be corrected, and 
service diarges and an outstanding check had 
to be included ^ Respondents were also asked 
whether they had ever had a checking account, 
and, if so, whether the/ihad ever balanced a 
checkbook. ^ 

Sixteen percent of the 17-year-olds stated * 
that they had a checking account at some 
time, but only* 9% of the 17-year<>lds had 
actually baiaiKied their own account. Among 
the adults, 87% had or had had a checking 



account, and 72%k stated that they had bal- 
anced a checkbook, ' ' 

^ The small numbjr o{ 17-year-old's having 
actual experience with balancing a checkbook 
'undoubtedly accounts for their low percent- 
ages of success on this exercis^;'l% of §11 
l*f?year-olds gave the' correct balailce. Sixteen 
percent of the <idults. balanced the check- 
book — a substantial increase over the 17- • 

4 year-olds but still not a large percentage 0 
considering the dumber who''hacl al some time 
balanced a checkbook. Figure 16 shows per- 

'..formance levels on these three exercises, 

Reading and In^retiilg Graphs and Tables. 

Graphs and tables are often used^ m news- 
papery and popular magazines to simplify 
pireseritation of large amounts of data. The^ 
data may cover any subject-^ economic 
casts, njedical research, sports statistics, to 
name a few. The consumer must understand 
how to read and interpret graphs and tables or 
the data will not be useful to him. 
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FIGURE 16 Results for Selected Exercise*; Swnulited Consumer Tfiftt^tions 
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Barographs, pictograp'hs' (using symbols) and 
line graphs were included in the assessment, 
exercises. Ninei^ear-olds read a bar graph 
showing weights of several children and chose 
the child weighing most, the child weighing- 
least and the child weighing^, closest to a 
specified amount. Eighty-nine percent a)r-. 
rectly identified the heaviest chSd^^and ' 
the lightest child: Finding the baaxfosest to a r 
specific number appeared more difficult, with ' 
61% of tTie 9-year-olds selecting the right 

chiidv > 

Thirteen-year-olds saw .a pictograph that 
showed the rural populations of nine regions 
in the United States and' were asked to name 
the two regions with the largest rural popula- 
tions. Seventy-nme percent at age 13 correct- 
ly named the two regions; an addition^ 13% > 
"correctly named the one region with the 
largest rural population. ' 

Elespondents at ages 17 and adult used a 
pictograph depicting federal education prants 
for a five-year period' to determine the year, in 
which grants dropped. Seventy-seven percent 
of the '17-year-olds and 78% of the adults 
selected the correct year. The 17-year-olds 
and adults were less successful at determining 
the year in ^hich the largest profits were 
made when shown a line graph displaying 



income and expenses for several years: 50% of ^ 
the 17-year-olds and 58^ of the adults chose 
the ri^t year. The largest number of incor- 
rect responses - 38% at age 17 and 24% at 
adult — were the year in which both income 
and expense were Uighest, indicating that 
some respondents may have had difficulty 
witti tlje word profit. 

Jlespondents at the' upper, three age levels 
' us^ a mileage table, of the type found in 
roaS atlases, to ^d the distance between two 
cities. "Fifty-one percbnt of the 13-year-olds, 
* 64% of thel7-year-olds and 71% of the adults 
* gave the conect distance. A fairly prevalent 
mistake, made by 15% of the. 13-y.ear-olds, 
21% of the 17-year-olds and 16% of the 
adults, was'^to attempt to subtra.cC the^entries 
for the two cities in som# manner. Results for 
these cexercises on reading and interpreting 
graphs and tables appear in Figure 11. 



Summary 

It is difficult to summarize performance on 
. the consumer-math exercises ,as the exercises 
" were all quite different and demanded differ- 
ent types o£ skills. There wa? no one type^of 
exercise 'upon which people did better or, 
worse than others although percentages of 
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FIGURE 17. Results for Setectad Exerttses. Reading and interpreting Grapkt and TabT^ 
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' success tended to be higher on e):ercises such 
• as reading sales tax from a* table and lower on 
those Kfquiring cotoputation with perc^ts. 

The following examples illustrate the range of 
success for each age level and also provide 
some indication of relative levels of perform- 
ance across age levels. Thirteen-year-old 
^restilts ranged from 4^% to 54% on four 
' exercises about reading sales tax from a table. 
One out of four 13-year-olds correctly deter- 
mined which package of rice had the lowest 
cojt per ounce, but under 1 in 12 
figured out the money amount of ajdiscount 
that was' shown as a percent of a total 
amoimt. ! 

At age^l7, resxilts on the sales-tax exercises 



went from 75% to 79%. Approximately one- 
third of the .17-year-olds correctly chose the 
rice package witji the lowest pjice per ounce 
and 36% were able to give the money amount 
of the discount. 

Ad.ult percentages of success went from 78%' 
to 82% on the sales-tax exercises. Thirty-nine 
percent of the adults selected the rice package 
with the lowest unit cost/ and 66% (two- 
thirds) gave the correct amount of discount. 

Seventeen-year-old performance wai above 
that of ,1 3-year-olds, and a<iult performance 
was higher .than that of 17-year-old& on the 
majority of .the consumer-math items. Median 
percentages and overiafp median percentages 
are shown in Table lo. 
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\TAfiLE 16. Mpdun and OTcrUp Mediin Percentages of Success - 
' Con5umer-Mttbc4*tic$ Exercisfc \ 





Age 13 


. Age 17 


Adult 


Median percentages of success 




'54^ 


62% 


Number of exercises summanzed 


H4) 


^ <34) 


(41) 



Age 13 -Age 17 Age 17 - Aduk 



Overlap median percentages 
of success 



47^c 66% 54% 61% 

Number of exercises summanzed . (12) (12) (34) (34) 
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CHAPXeR 7 
SUMMARY 



We have seen how young Americans perform 
in various branches of mathematics. How 
we evaluate their abilities? First, we can 
exarame their performances in the different 
content areas* Second, we can observe the 
results for the various population groups, 
noting which groups consistently deviate from 
national levels and the extent of th^ir devia- 
tion. To detepwine the branches if mathe- 
matics in which people experienced the great- 
est and least success, the six content areas 
were , ranked by median percentages of suc- 
cess. At all ages, people did best on measure- 
ment and numbers and numeration. Relative 
performance on each of the content areas is 
shown in Table |7.^ 

Nine-year-olds, 13-year-olds and 17 -year-olds 
showed the same relative performance on all 



the content areas, with the single exception 
that 17-year-okls had greater success on num- 
bers and numeration. The pattern of results 
was similar for adults although their perform- 
ance in consumer math was slightly better 
than that for geometry. A caution is in order. 
Again, sets of exercises are not the same and 
thus, the 'medians are not absolute numbers 
that^ can be compared. The numbers are 
meaningful 6nH insofar as the reader recog- 
nizes and take cognizance of ifyeir limita- 
tions. 



What d9 these nVmbers mean? They simply 
mean that on the dKcrClses the National 
Assessment of Educational Progress (NAEP) 
designated as "measurement," people did^ 
considerably better thto. on exercises desig-* 
nated as "variables and relationships." The 



TABLE 17. Rank Order of Median Natiooai Percentages by Content Area 



Measurement 
Number of exercises summarized 

Numbers and numeration 
Number of exercised sumnwnzed 

Geometry 
Number of exercises summarized 

Consumer m^th 
Number of exercises summarized 

Variables and relationships 
Number of exercises sumirtanzed 

Probability and statistics 
Number of exercises summarized 

*There^ert not enough exercises in this content area for a meaningful summary. 



AZt9 


Age 13 


.Age 17 


Adult 




63% 


. 65% 


73% 


(35) . 


(35) 


(29) 


(29) 


38 


60 


70 


65 


(74) 


(86) * 


(74) 


(44) - 


28 


51 


57 


53 


(39) 


(37) 


(37) 


(29) 


* 


49 


■ 54 


62 




(14) 


(34) 


(41) 
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* 

-39 


38- 


49 




(28) 


(50) 


(24-) 






27 


32 






(17) ' 


\ (12) 
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exercises chosen by NAEP represent th/ 
cortteat ^area to ^e best of our ability; 
however, they may not be in acCord with th^ 
reader s concept of |he content area. 

In addition to cumpanng rt?sults for content 
ar^^as, we can make age-level ^(.omparisons 
using overlap medians to examine perform- 
ance at consecutive age levels on identical 
exercises (see Table 18). 

From ages 9 to 13 4nd 13 to 17 there was, as 
would be expected^ an increase m perform- 
ance at the older age levels. The greatest 
increase from age 9 to 13 was m the* numbers 
and numeration content area. From age 13 to 
17, the greatest jump was m the section 
dealing with variables and relationships. The 
difference m performance between 17-year- 
olds and adults was not ^ consistent. Adults 
held an-advantage on measurement, consumer 
math and probability and statistics. Seven- 
teen-y^-olds showed the'greatest advantage 
m variables and , relationships, they also 
Outperformed adults m geometry and m 
\umbers and numeration. 



Reporting Groups 

In addition to reporting national performaitce 
levels. National Assessments provides results 
for various groups within the national popula- 
tion. Results are reported for sex, race, region 
of the country, size and type of community 
and level of parental education. The di^ffer- 
ences in achievement among these groups 
provide an indication of areas of strength and 
weakness in Amei*iC£Ln education. 
* 

The National Assessment reporting groups are 
defined as follows: , • 



Sex 



Results presented for males and females. 
Race 



Currently, resfilts are reported for blacks and 
whites. 



TABLE J 8 Overlap Median National Percentages by Content Area * 







Age 9 


- Agcei.3 
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Age 13- 


Age 17 


Age 17- 


- Adult 




Numbers and numcDtuvi 


29^ 




51'^ 


72'7 


69<r. 






Number of exercises sunimrfrif ed 


r43) 




' (67)' 


(67} 
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Measurement 


45 - 


'73 


5^ 


78 ' 


65 






Number of exercises suinmari?ed_ 




i22) 
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(29) 


(29) 
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^ieomelry . ♦* 




58 


47 


70 


' 60 


53 




Number oi exer<.i.ses summan/ed 


(27) 


(27) ^ 


(2^) 


(29) 


(29) 


(29) , 




( onsumer math 


* 


* 


- 


66 


* 5.4 


61 




Number of e\ef<.kses summ*}nzed 






(12) 


n2) 


134). 


* (34) 




Variables and relationships 


• * 


* 




67 


'64 . 


49 




Number oi exercises summarized 






(24) 


<;4) 


(21) 


(21) 
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Prohabiht> and statistics 


* 




* * 


* ^ 


29 


« 

32 
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Number of exercises summarized" 


4 








(12) 


(12) 




*Xumber of Exercises was not sufficient for summary* purposes. 
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Region »^ 

The countiy has beert . divided ^to four 
regions — Southeast. \<est. Central arid North- 
east The states that are included in eaph 
region are shovvti m Exhibit 3. 



Parental Education 



Four categones of parental education are 
defined by National Assessment. These cate- 
gories m'clpde: (1) those whose parents have 
had no high sqhool education, (2) those who 
have at' least ^pe parent with some high 
school education, (3| those who have at least 
•one parent who graduated from high school 
and i4) tfio&e who have at least one parent 
who has had some post-higfi school education. 

Size and Type of Connnumty 

Community types are identified both by the 
size t)f th^ community and by the type of 
employment of the majority of ^people m the 
community, S . . 

. - — — ^ 



"High metro. Areas in or around cities with a 
population greater than 200^00 where a high 
proportion of the residents are in* professional 
or managenat positions^ 

Low^netro. Areas or around aties \yith a 
• population greater than 200,000 where a high 
.proportion of the residents are on welfare of 
ig^jB not regularly employ«<;i. 

Extreme rural, Area^ ^with- a population under* 
lO,Oi0O where , most' of the residents are 
farmers dr farm workers. * - - .* 

Urban fringe. Commumties within the metro- 
pohtan area of a dty witp a population 
^greater than 200,000, outside the dty Unfits 
and not m the high- or low-tnetro groups. 

Main big city. Communities within the dty 
limits of a dty with' a population over 
200,000 and not included in the high- or 
low-metro groups. ' ^ . * 

• Medium city. Cities v^ith populations between 
25;00Dand200,00(X' 



EXHIBIT 3. National Aisessment Geographic Re^'ons 



Small places. Communities with a population 
of less than 25,000 and not i^ithe extreme- 
rural group. ,^ 

Results for each of the rtjxjrtmg groips are 
discussed m terms of difference fe6m the 
national performance. Thus, some gfoups will 
naturally be abov-e the national level and 
others below. How-ever, if certain ^oups 
consistently perform abov'e or below the 
nation, this may be evidence of educational 
dispanti^. which might bear furth^r investiga- 
tion. 
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Group Differences From the 
National Percentage 

In a given set of exercises (e.g., all mathema- 
tics -ejter^ises^, a group^r^achievement can k>e 
summahzed conveniently by exanynmg its 
differences from national percentages of suc- 
cess. If a group's percentage is lower than the 
national percent^e, the difference is express- 
ed as a negative number; otherwise, it is a 
positive number. For example, if 70% of the 
nation's 9-year-olds correctly answer a given 
exercise while 73% of the 9-y^-olds m the 



Northeast correctly answer the same exercise, 
the Northeast difference is +3. 

If we wish to -discuss Northeast performance 
across .a number of jx^ises; the smgle mpst 
.useful numbelv^is the^median difference. How. 
^ver, a more complete picture 'of a group's 
typical performance emerges from examma- 
tion of the entire ^ge of differences or, 
^ more conveniently, the middle 50% of the 
exercise differences.' The/ group summary 
exhibits in this chapter^epict not only the 
median differences for each group, but the 
range including the middle 50% of the exer- 
cise differences as well. 

Since different $ets of exercises were present- 
ed to individuals of different ages, the number 
of exercises or exercise parts for which group 
differences have been computed vanes across 
the foiir age levels. 

Exhibit 4 presents a sample plot of group 
differences at age 9. Differences on all exer- 

*cises included range from +12 to -14, but 
since only tfi? middle half of the differences 
are shown, the bar is j^lotted from only +3 to 
-7. The median difference* ^3, is mdicated by 

. the horizontal iine crossing each bar. 



EXHtBIT 4. Sample Graph. Differeoces From National Percentages of Success 
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Group Performance 



Sex 



Male and female mathematical abilities 
appeared much the same at ages 9 and 13, but 
by ages 17 and aduk, males exhibjKKl' a 
defmite ad\'antage. This advantalge mcreased 
m all content areas from age 17 tp adujt. 
Table 19 presents, the median difference of 
male and female percentages .from nauonal 
percentages for each of the content areas and 
^r all the mathematics exercises. At ages 9, 
. l^and 17, males showed the greatest advan- 



tage oyer females on the xaeesurement and 
geometry content areas while at the adult 
le\'el, the divergence' In male and female 
performance was largest for the geometry and 
for the- variables and relationsh^ content 
areas. 

Figure 18 displays the tnedian difference and 
the range of differences for Wes and females 
on all' the mathematics e;^e<cises at each age 
level 



Although the ^enerali: 
true in every 'case> mi ' 




es not hold 
'inales tended 



TABLE 19. Mile-Femi\e Medun Diutxtncts From Nttiinil Perfoniunce 



Age9 



Age 17 



Adult 



Ovenll 
Male 
Female 

Number of exercises summanzed 



Numbers and ni^merauon 
Male 
Female 

Number of exercises summanzed 



07 
U63) 



-0-6 



0.4 J 

-o.r 

(211) , 



■0.5 
0.4 
(86) 



2.3 



(245) 



I 

• 1 4 

<74) 



5.4 
-5.0 
(179) 



4.4 
-4.1 
J44) 




Measiirement 
Male 
Female 

Number of exerase^x^urpmanzed 



Geome'tn 
Male 
Female 



Number of exercises summanzed 



Vanablcs an<f /elauon^ips 
temale 

Number o/exercises summanzed 

ProbabilviV and^stalfelics 
Male, 
Fep 

Number of exercises summanzed 



1.7 
-1,6 

(35)^ 



2.1 
-2.2 
(35) 



1.5 
-1,4 

(>?) 



■0,2 
0.2 
(28) 



4.2 
-3.6 
(29) 



4.8 
-4.6 
(37) 



1.2, 
.K2 
(50) 



K5 
-1.5 
(17) 



4.1 
-3.8 
(t9) 



^^.5 
-6.1 
(29) 



6.4 
/ -6.0 
(21) 



4.9, 
-4.6 
(12) 



Consumer math 
Male 
Female 

Number of exercises summanzed 



0 2 
■0.2 
(14) 



2.6 
-2.6 
'(34) 



•there ^^rt not enough exercises in this content area for a meanin^ul summary. 



4,8 

-4.4' 

(41) 
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FIGURE 18..DHfftrei^From Nttionai Performt6c« on all Mtth Excirdses by Sex 
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M 



14 - M« 

O'^ * N«t9on«l t«v«( of p«rfOfm«nc« 



to have fadlity with different types of exer- 
cises. Females were be^ at completing strictly 
computational exercises in which the opera- 
tion to be used, was given in the problem. At 
the upper age Ievel$, this advantage extended 
to calculations with rationial numbers. Males, 
on the other hand, showed the greatest 
advantage at ages 9 and .1 3 in using a ruler and 
a thermometer at the^mallei: intervals and in 
making meesu^ment ponversions. The male 
advantage at ages 17 and adult yras most 
jnarked on exercises aboqt usiQg metric units, 
using a protractor to measure an^es and 
figuring area and volume. * 



Blacks were at a disadvantage in tti areas pf 
the mathematics assessment, a disadvantage 



that 4^ more marked at the upper age Jevels,^ 
The difference in black and white potfonn- 
ance was greatest at ages 9,' 13 and It oii xhe 
.measurement secdon» ihe section m which 
national median percentages were, m general, 
highest {see Table 17). At thertS-year-old and 
adult levek, the differences for the consumer- 
mathem&tic& con^nt areas wer^ quite .similar 
to those for the Measurement, content area* 
Table 20 j^y^ medii^ differences in group 
performance for blacks md .whites in each 
content ar^ for each age level. sh^^uld be 
remenibered that, although ibk diffei^n<5& m 
black and white performanoe is least on the 
probability and ^tistics .exercises, national • 
performance on these exercises was lower, 
restricting the size of possible differences. . . 

Figure 19 displays the median cfifferences and 
distribution' of tj>e black and^hite group 
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TABLE 20. 6Uclb^Whitc Mcditn Differences From Ntdonal Pcrfonjuncc 

by Conifcnt Ayca * • 



Age 13 



Age 17 - Adult 



Overall 
Black 
White 

Number of exercises suminarued 

Numbers and numcrauon 
BUck 
While 

Number of exercises summarized 

Measurement 
pUck. 

Number of exercises summarized 

Gcomeity 
Black ^ ♦ 

White 

Number of exerose.s summarized 

V^blcs and rclatfbnships * 
BUck 
White 

Number of exercises sammarized 

Probability and statisucs 
Black 
White 

Number of exercises summanzcd 

• Consumer math 
Black 
. Whi^e ' * 

Number of exercises summarized 

'-There were noi enough exercises in this content area for a meaningful summaiy. 

— . * !» 



-12.9 
2.9 
(163) y 


M8.5 

3,9 " r 

(211) 


-2li) • 
4.0 

(245) 


-24.5 
(179) 


•14.9 

3.3 . 
(74) 


-17 9 

3.7 
(?6) 


.2a8^ 

4 3^ 
(74) 


•22.8 
3.2 
(44) 


•17.0 

3.6 

(35) ■ 


-22.2 
4.1 

(35) 


•24.3 
4.9 
• (29) 


. -25.4' 
.4.3 
(29) 


-5.6 
1.3 

■ (39) 


-I9.i 
'3.9 
(37) 


. -22.6 
. .4.0 
t37) 


-23.7 
» 4.0 
(29) 


t 


• 

,18.3 
4.0 
(28) 


-17.5 
*3.4 • 
(50) 


-22.6 
(21). 

* « 






-12.7* 
2.4 ' 
(17) 


. -16.5 
2.7 
■(12) 




-21.0 
5.2 
(14) 


-22.3 
4.0 
(34) 


•25.6 
4.2 
(41) 



differences from national pei^ormance for 
each exercise in^thejmathematics assessment. 

'The ty^ of exetcise^ tliat each gro&p did- * 
wen and poorly on arp not so cledrly defined 
as in the male-f^mald tiifferences; however, 
soibe; Qbservationa can l>e m&de. Black per- 
fonnarice tended^ to be cios^t to that of tHe . 

'nation when nfeti^nVl percentages were very 
low oi very'high fv^..* vi?ry o< very^harf ^ 
exercises). For example, bl^k 13-yearHo:}as 
were fairly successful '(S to 5 -percentage 
paints bdow whites) on sucKt^uJigs as identi-^^ 
fying a tircle; adding 3V0 ^nd*- adding 



? 38 + 19. pn exercises such as identifying an 
ellipse or converting irom d^rees Fahrefnheit 

• to degrees Centigrade, the national 13-year- 
oU level of perforniance was under 5%. Thus, 
on such epcercises the black deficit could hot 
be more than. 5 percentage jwints. ; 

Black 9-year-olds performed furthest below 

the nation on identifying half inches marked 
' on a ruler and on drawing hands on,a clock to 
• represeht I specific time; black 13-yearK)lds 

shd^'ed' Urge (over 30-percentage-point) defi- 
^"cit5, on exercises about setting a thermometer^ 

idaiitifying 3/4. inch marked on a ruler an^ 
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FIGURE 19. Dtffertoces From National Ptrformance on all Math Exercises by Race 
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giving geometric names for common shapes, ' * 
Black IT-year-olds and adults had consider- 
able difficulty cemj^ed to whites in giving 
geometric names for common shapes> convert- 
ii^ feet to yards," figuring square feet and 
using map scales. * 



Region *" " 

Patterns of difference in regional performance 
shifted somewhat with the age of the respon- 
dents. Performance, in the Southeast .was 
below that dtthe i^oji at all age levels in the 



mathematics assessment (as it has ^been in 
most learning areas. , assessed by NatioilaL 
.Assessment^; but the diff^hte was smaller ' 
at the adult level 'thw for the schooi-age; 
groups,- In -contrast, performance in ' the 
Northeast was'above-tbe nation at ages 9, 13 
and 17 but became very close to the national 
level focadidts. 

The difference ia s<ihool-age and adult per- 
formance was not as noticeable in the Central 
and West .regions. Adults, in the Central region 
showed a smaller advantage aBove the nation 



^Update on Education A Digest of the National 
Assessment of Aiucational Progress (Oenyer, Colo.: 
Education Commli»on of the SUtet, 1976). 



.than did their 9-, 13- and 17-year-oldxounter- 
parte; Western adults -f>erformed above the ^ 
nati^pal level while 9-, 13- and 17 -year-olds ^ ^ 
Uving in the West did qp^. Figure 20 displays 
the median difference and tlie range o( 
differences from national performance on :all 
math'ematics exerdses for each region at each 
age level* 



Parental Education 

Nartio^ Assessment uses tiie Jevel of eduta-^ 
tion attained by one's parente'as" one -form of 
sodpeconomic measure. Resutts from* pre- 
■vious assessments have indicated that the 
education level of one^s* parente is related to- 
one 's own academic achievement, ' 



FIGURE 20. Differences From National Performance oh ail Math E^^erdstJ by Region 
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Figure 21 iEows median differences and the 
rang^ of differences in performance on all 
Oj^thematics exercises for- each* parental: 
education group at each age le^'el. At all ages, 
performance v/as below that of the nation for 
both those with neither/ parent having any 
'high school education and for those with one 
or both parents having som^ iii^ school 
education svithout having graduated. Those 
with at least one parent who graduated from 
high school performed very dose to national 
levels and those •with^t least one parent 
havihg some type of post-hi^ school educa- 
tion performed consistently atfove natipoal 
leve*ls. ' ' . • 



School-age respondents in the noJugh-school- 
'educatiou and ' some-high-school-education 
groups' dropped further below the nation at 
ages 13 and 17. A similar pattern ^as e\7dent 
for the gradua^-high-school group. Perform- 
ance of the post-high-school^oup^ which was 
above that of the nation at all age Ifevels, 
. showed an. increase fronj *a^ 9 to 13 and a 
fairly consistent level from age 13 to 17.* , 

Results for adults differed somewhat from the 
pattern for 9-, 13- and 17:year-olds. Adults m 
the two lower parental-education groups gen- ' 
erally were not as far below the national level 
as their 13- and 17-year'Ojd counterparts. The 



FIGURE 21. Differences From Natronal Performance on all -Math Exercises by Parental Education 
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graduated- -and jx)st -high-school adults 
showed a better performance relative to the 
nation than did 13- and 17-year-olds in these 
groups. 



Size and Type of Cofnmunity 

As another indicator of respondents' back- 
grounds. National Assessment identifies seven 
"different community types. Three extreme 
types of community — .tiigh meiBopolitan, low 
metropolitan and extreme rural — are defined 
b>' bize of .community and type of occupation 
of the majority of people in the community. 
iSee tf^ section entitled Reporting Groups, 
. page 42, for complete definitions, f 



Figure 23 presents the median difference and •'^ 
the range of differences in performance for 
each of the- community groups at each age 
levd. The high-metxopolitah resjxjndenU per- 
formed above the nation at all age levels; 
however, the advantage was not as marked ^^r^^^^^^^^ k 
9-year-olds. The advantage alKjvethe natitfrT^^v / 
for the hiVh mrtLr respondentsw95^irtlmlly . V 
identical at the three upper age levels. The 
low-metro group results were substantially 
below those for the nation at all age levels. 
Median 'dttferenc^ for 13-, ,17-year-ol(is and 
' adults were quite similar, but the deficit for ^ 
the low-metro 9-year-olds was -smaller than 
for the other age levels. Results foi* the urban 
fringe were consistently above those for the * 
nation, while those for the extreme-rural and - 



\ 

FIGURE 22. 0.tfertncei From National Performjnce on aJI Math Excra,«i by S«c and Typ. of Communrty 
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:^?'^aiir-big-city groups were consistently 



. Conclusion 



In presenting data from the mathematics 
^ssment, ^National Asjiessment described 
the status of th^ ipathematic^ abilities of 
certain groups of people at a particular point 
m lime. The data describe the conditions that 
existed; they do not supply value judpnents 
regarding those conditions. • 

After surv^ymg the data, we can make some 
generali^tions about American mathematical 
abilities. People tended to do best on skills 
• such as ordering numbers, completing compu- 
tations and • making measurements. They 
showed less abihty u^the areas of. variables 
and relationships and probability^ £^d statis- 
tics. This raises the following questions; How 
much mathematics does the average citizen 
need to function adequately in' today's world? 
Are variables and relationships or prpbabihty 
and statistfcs that relevant to the ordinary 
person's needs? Such questions immediately 
genetiE^ other questions. Who is the "average 
citizen"? What does "function "adequately" 
involve? These are philosophical issues that 
can only be answered in light of each reader's 
background * atnd . experience. However, such 



questions should be kept m mind when 
evaluating the implications of National Assess- 
ment data* 

The dispanties in gr^tfo performance ako 
raise questions to be inv^tigated. As in other 
learning areas assessed py National Assess- 
ment, blacks, persons living m the Southeast, 

IpeVsons whose parents had httle or oo high 

\school education and persons hvmg in low- 
metropolitan comnfunities performed consis- 

* tently below the nation a&^i whole. Are these 
differences, in performance inevitable? The 
differences in pferformjnc^ between the 

Various regional and . parental-education 
groups decreased at the adult level, however, 
for blacks and females the differences increas- 
ed fbv the 17-year-old and adult respondents. 
Are the* schools acting to change or to 
reinforce established patterns of group per- 
formance? ^ * • ' ' 



sse^m 



.National Assessment hopes that readers will, 
use the data • compiled 'in the mathematics 
assessment to £isk additional questions about 
the^ effectiveness of mathematics education 
and to institute research into factors influenc- 
ing achievement. Data on present abihjy levels 
can be used to monitor changes in mathema- 
tics performance and to establish a reference 
point from which to chart future directions m- 
American education. 
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